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Introduction 


Many investigations the mechanism dyeing 
have been described the literature, and have pre- 
sented variety experimental and theoretical con- 
siderations. practical observations have 
also been recorded the appearance and 
the dye bath dyeing proceeds, and much this 
information has become common knowledge among 
dyers. addition contributing vast amount 
knowledge the field, these studies have also 
revealed the desirability experimental study 
microscopic level the changes taking place 
both the fiber and the dye bath during the dyeing 
cycle. The observed precipitation dyes and dye 
complexes the addition agents such Glau- 
salt, common salt, ammonium acetate sulfate, 
acids, and alkalies suggests that macro inspection 
the bath may fail detect much real importance 
the dyeing process. was recognized that the 
peculiar efficiency certain cationic and nonionic 
substances promoting level dyeing might asso- 


Presented meeting The Fiber Society Swamp- 
scott, Mass., Sept. 13, 1951. 

address: Clothing Research Section, Defence 
Research Medical Laboratories, Toronto, Canada. 


ciated with phenomena that are visible detail only 
under the microscope. Microscopic observation 
textile fibers and the dye bath during the continuous 
and complete dyeing cycle offered opportunities for 
investigation not obtained any other means. The 
present authors have developed 
called the which permits both 
visual and photographic observation dyeing phe- 
nomena approximating conditions encountered 
the usual commercial dyeing processes. This in- 
strument and several dyeing studies carried out with 
its aid are described this paper. 

Several authors have recorded observations 
dyeing carried out with the microscope, usually with 
the aid heated microscope slide stage. Such 
experiments have been value, but have not per- 
mitted measurement control such factors 
temperature, dye and salt concentration, bath ratio, 
and the dye bath; nor has been possible 
carry out conveniently sequence dyeing opera- 
tions such are required vat dyeing. The re- 
moval fibers from the dye bath for microscopic 
examination has necessarily interrupted the dyeing 
cycle and precluded further observations the 
same fiber. Differences behavior between fibers, 
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particularly the natural group, together with the 
changes attendant upon drying and mounting for 
microscopic observation, have also reduced the po- 
tential value studies carried out previous tech- 
niques. The Microdyeoscope, addition provid- 
ing means for control all factors believed im- 
portant the dyeing process, permits the continuous 
microscopic examination the same fiber fibers 
all stages the operation, including wet processes 
either preceding following the dyeing cycle. The 
progress dyeing can followed, and the changes 
occurring any given point fiber may 
studied while the sorption dye proceeds. The 
progress other wet processes, such scouring, 
bleaching, stripping, and chlorination, can 
observed continuously under closely controlled con- 
ditions. 


The Microdyeoscope 
Description 


The essential merit the Microdyeoscope that 
permits the continuous observation microscopic 
phenomena associated with the dyeing textile 
fibers under controlled conditions simulating those 
found normal dyeing practice. This accom- 
plished means the circulation normal dye 
bath through cell designed permit microscopic 
observation fibers mounted within and forming 
part the dye-bath/fiber system. Circulation 
achieved the use nitrogen gas lift incorpo- 
rated into the apparatus. Temperature control 
maintained electrical heaters designed correct 
for heat losses the circulating system and in- 
sure that the cell which observations are made 
nearly possible the same temperature the 
main dye chamber. suitable system glass con- 
necting tubes and valves permits control the flow 
through the cell and also provides for rinsing 
other treatments within the cell during the con- 
clusion the dyeing cycle. Figure shows the 
schematic arrangement these features. stand- 
ard microscope with specially modified mechani- 
cal stage employed carry the cell and permit 
continuous observation the process under study. 
ribbon-filament type substage illuminator was 
chosen for visual photographic observation and 
for projection the field onto screen. These 
features are shown the general view the ap- 
paratus (Figure 2). 
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The dyeing chamber, which serves establish the 
dye-bath conditions and permit macro experi- 
mental the dyeing, glass-cylinder ap- 


mm. diameter with volume 


capacity 330 ml. Its upper end forms the female 
section 55/50 standard taper ground joint, into 
which fitted standard water-jacketed condenser. 
The carrier which yarn, fabric, slubbing 
suspended within the dyeing chamber carried 
the lower end rod projecting axially upward 
through the condenser. The carrier consists simply 
suitable length glass rod tubing which 
are attached fittings cross pieces designed carry 
the sample being dyed the chamber. The weight 
this sample chosen provide the desired dye- 
bath ratio. Near the upper end the dyeing cham- 
ber and above the normal level the dye bath 
ground-glass stoppered opening provided for ad- 
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Fic. view the Microdyeoscope, showing 
Micro Ibso attachment and Leica camera right. 


ditions the dye bath. This opening normally 
closed the insertion thermometer. 

The lower end the dyeing chamber hemi- 
spherical, and leads into two outlets glass tubing, 
each mm. diameter. One these, centrally 
placed, serves drain, with stopcock, and also 
leads via by-pass tube (with large-bore stop- 
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Fic. Diagram the Microdyeoscope cell. 
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cock) the base the gas-lift tube. The by-pass 
tube permits circulation the dye bath without flow 
through the cell. The lower end the gas-lift tube 
fitted with three-way stopcock serving either 
return from the observation cell drain 
for the cell and/or the dye chamber, required. 
The gas lift provided the introduction nitro- 
gen under low constant pressure through jet in- 
serted into the gas-lift tube just above the by-pass 
level. the gas lift, alternate bubbles nitrogen 
and dye-bath liquor rise upwards, the gas escaping 
through the condenser while the dye liquor returns 
the dye chamber. 

The second outlet the base the dye chamber 
leads through two-way stopcock directly the 
microscope observation cell. Through this stopcock 
auxiliary chamber may also connected the 
cell, the same time cutting off the flow dye 
liquor from the main dyeing chamber. This opera- 
tion provides for rinsing and repeated cyclic wet 
treatments the cell. The rates flow through the 
cell dye chamber are readily controlled the set- 
tings the stopcocks and the by-pass valve, using, 
necessary, auxiliary clamp the flexible 
tubes connecting the cell the apparatus. The en- 
tire volume the main dye bath can circulated 
within min., although the normal rate achieves 
complete circulation about min. The con- 
tents the cell may completely changed 
within sec. since its volume only ml. Normal 
flow through the cell changes its liquid contents 
about sec. Short flexible tubes connect the cell 
both the two-way stopcock and the three-way stop- 
cock the base the gas-lift tube. When these 
stopcocks are correctly set, dye liquor flows from 
the dye chamber through the cell the gas lift, and 
thence returns the dye chamber. The rate the 
flow through the cell controlled the stopcock 
setting, auxiliary clamp the flexible 
connecting tubes, and the by-pass stopcock setting. 

The cell constructed shown Figure The 
body the cell turned out piece type 316 
stainless steel. cylindrical form, and 
fitted with windows both flat faces. The rear 
window small quartz glass approxi- 
mately mm. thick secured against pure gum- 
rubber gasket bronze external retaining ring 
which screws into the body the cell. The front 
observation window single microscope slide cover 
glass mm. diameter and not greater than 0.20 
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mm. thickness secured place similar gasket 
and bronze ring assembly designed and fitted per- 
mit the close approach microscope objective over 
the widest possible area the window. The thickness 
the cell, the space between the inner faces 
the two windows, approximately 
around the periphery the cell body permit entry 
and exit from the cell cavity through stainless- 
steel fittings. 

The cell body mounted securely standard 
microscope mechanical stage, which used the 
normal manner bring any desired point the in- 
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Cell and mechanical- 
stage assembly. 


terior the cell the optical axis the microscope 
Flexible connections between the 
cell port fittings and the glass dye chamber ap- 
paratus are necessary permit this motion. Ob- 


viously, the entire apparatus might moved 
relative the microscope, but the simple mechanical 
stage treatment offers the great advantage sim- 
plicity and rigidity low expense, and flexible con- 
necting tubes were readily available variety 
materials suitable for the purpose. The optical axis 


the microscope secured horizontal posi- 
tion, providing simple arrangement for the sub- 


Fic. Close-up view ob- 
servation cell position the 
Microdyeoscope. 
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stage illuminator and the camera 
screen, addition permitting connections mini- 
mum length between cell and dye chamber. 

The ribbon filament type illuminator has been 
found most satisfactory obtaining the intensity 
and uniformity field necessary for color photo- 
micrography, which accomplished with standard 
Leitz equipment 35-mm. film. Exposure times 
are estimated means direct readings pro- 
jected field intensity taken with Weston Master 
Exposure Meter, and range from .01 sec. 
sec., depending chiefly upon magnification power and 
depth color the dye bath. 

Temperature control throughout the system 
achieved three independent nichrome wire heaters. 
The main heater wound open helix around 
the dyeing chamber, and supplied with power 
from variable transformer which manually con- 
trolled either provide the desired rate rise 
temperature maintain given constant dye- 
bath temperature. Two auxiliary heaters low 
wattage were originally employed compensate for 
heat losses along the connecting tube leading from 
the dye chamber the cell and from the cell itself 
radiation. These auxiliary heaters served 
maintain the temperature dye liquor entering and 
leaving the cell the same temperature the main 
body the dye bath the dye chamber, but were 
later removed owing difficulties control the 
boil. Thermometers are located the dye chamber 
and also special glass fittings the entry and 
exit ports the cell, permitting continuous observa- 
tion dye-bath temperature these points. The 
use automatic regulating equipment tempera- 
ture control and equalization would desirable re- 
finement the present apparatus. Automatic con- 
tinuous high-temperature electrodes for determina- 
tion during dyeing other wet treatments 
would also desirable feature future apparatus. 


Operational Procedure 


Selected fibers for observation the cell are 
mounted winding U-shaped frames formed 
stainless-steel wire (Figure 6). Each frame may 
carry fibers, desired, that several 
fibers the same type different types may 
kept under observation single experiment. The 
mounting each fiber accomplished tying one 
end the frame and attaching small tensioning 
weight the other end. After winding the fiber 
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Fic. Preparation frames and fibers for obser- 
vation cell. From left right: length wire 
which frame made; frame frame handle made 
coaxial with frame for uniform winding; continuous 
viscose rayon wound onto variety 
fibers wound same frame—these are, from top 
bottom, viscose rayon, wool, nylon, dynel, Sea Island 
cotton fiber, Dacron, Orlon, and Chemstrand; five wool 
fibers, 60’s quality, each about in. long; three wool 
fibers tied together before winding and wound sin- 
gle fiber—this frame has been cut the actual size re- 
quired the cell following the fiber winding opera- 
tion; common straight pin, shown for 
in. long. 


onto the frame series closely spaced turns, 
the free end the fiber secured place light 
coat adhesive which inert the conditions 
the experiment. The use adhesive neces- 
sary because the difficulty tying second knot 


secure the fiber the frame while 


the proper tension it. Both collodion and cellu- 
lose acetate dissolved acetone have been found 
very useful adhesives. The tensioning weight 
then removed, and the next fiber attached the 
same manner. With skill, possible wind 
fibers that several segments the same fiber 
segments several different fibers may viewed 
simultaneously the field. addition, fiber con- 
figurations and treatments special interest can 
devised, such knotted fibers, twisted fibers, inci- 
sions other mechanical damage fibers, and 
partial fiber exposure light chemical attack. 
Specific parts the fiber may thus used 
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control variety treatments applied the 
remainder the same fiber. The necessary ex- 
perimental techniques are well within the abilities 
persons familiar with single-fiber experimentation. 

place the fibers the cell, the rear window 
removed and the fiber frame laid upon the inner face 
the front window. tiny flat helical stainless- 
steel wire spring then laid the frame, and the 
rear cell window and retainer ring are replaced, 
providing slight pressure against the frame through 
the spring. The frame thereby held against the 
front window, and the fibers are located immediately 
this window, seen from the microscope. 
The fibers this position are easily within range 
the conventional microscope objectives. 
using high-power objectives, care must taken 
avoid rupturing the front window the cell in- 
cautious approach focusing. Frames are normally 
placed the cell that the fibers wound the 
frame lie parallel one the directions the 
mechanical stage motion. Fibers are then easily 
examined along their entire length manipulation 
single stage control. 


Applications the Microdyeoscope 
Acid and Milling Wool Dyes 


Microdyeoscopic have demonstrated that 
the cuticle the fiber produces difference the 
behavior acid- and neutral-dyeing wool dyes, in- 
cluding representatives the sulfuric 
dyeing types, the neutral-dyeing milling types, and 
dyes intermediate properties. These investiga- 
tions have also revealed differences the nature 
the dye bath which have not been reported pre- 
viously. 

each experiment, several fibers taken from 
clean Australian Merino fleece were wound onto 
single wire frame and dyed together the cell. 
One fiber was treated with mild acid chlorination 
prior mounting, and provided comparison with 
untreated fibers. general, different fibers, even 
though taken from the same staple, not dye pre- 
cisely alike. Certain local areas each fiber re- 
sist the sorption dye more than other areas, while 
areas degradation “damage” the fiber sur- 
face readily admit the dye. The degradation the 
cuticle chlorination very similar degrada- 
tion the cuticle natural weathering other 
chemical physical agencies, shown the prog- 


itself the medium for the redistribution the 
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ress dyeing. The removal 
epicuticle permits more rapid sorption dye 
lower temperatures. The temperature 
these differences sorption are noted depend mainly 
upon the choice dye. 

Wool fibers dyed with members the class rep- 
resented Calcocid Orange (C. 151), sul- 
furic acid level-dyeing type, exhibited minimum 
local differences sorption, and such dyes have 
commonly been considered incapable producing 
fiberwise variations depth shade. signifi- 
cant, however, that even with these types, local 
penetrations can observed damaged areas 
the fiber temperatures the neighborhood 
120°F. higher temperatures, the fibers are uni- 
formly colored, even though much surface damage 
and degradation are present. For this reason, chlo- 
rinated and untreated wools appear approximately 
equivalent depth shade throughout most the 
dyeing cycle. 

second type dye represented Calcocid 
Alizarine Blue SAPG 1054), intermediate 
dyeing type. Local variations coloration the 
fiber are noted temperatures low 145° 
and these become extremely pronounced the range 
marked differences coloration these tempera- 
tures due differences their surface condition. 
Under normal dyeing conditions, the dye bath ap- 
pears exhausted 190°F. the boil, how- 
ever, the color variations the fibers become less 
prominent, and each fiber uniformly colored within 
min. This behavior, together with the observed 
diffusion Blue SAPG within the fiber regions 
surrounding incisions through the cuticle, suggests 
that diffusion through the cortex important 
factor the leveling these dyes. Observations 
made thus far with the Microdyeoscope have not 
permitted estimate the relative importance 
diffusion within the fiber and the function the 


dye. 

Milling dyes, such Calcocid Milling Red 
430), constitute third class, characterized 
extreme unlevelness selectivity, and exhibiting 
extreme local variations with observed capacity 
for leveling any temperature lower than 200°F. 
Normal wool fibers exhibit only slight and irregular 
coloration until 185°F reached, although chlorin- 
ated fibers absorb these dyes much lower tempera- 
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tures and with comparative uniformity. the boil, 
these dyes level only partially, and variations remain 
between different portions the same fiber and be- 
tween different fibers. 

The absence leveling ability milling dyes 
together with the absence coloration the fibers 
temperatures lower than 200°F can explained 
the extremely high resistance the cuticle 
penetration this type dye. Acid dyes exhibit 
the ability penetrate the cuticle much more readily 
temperatures the range 145°F 160°F. 
Available evidence rates diffusion within the 
cortex indicates that milling dyes diffuse much more 
slowly than acid dyes. These two differences ac- 
count for the observed superior leveling properties 
the acid types; they also explain the uniform 
distribution color obtained when the cuticle has 
been uniformly degraded processes such 
chlorination. 


Direct Acetate Dyes 


Considerable work has been done Kartaschoff 
Clavel [3], and Vickerstaff and Waters [16] 
determine the mechanism involved acetate dye- 
ing. Kartaschoff claimed that his microscopical 
studies the dye particles were strongly attracted 
the fibers, forming thick layer their surface. 
After some time, the layer had vanished and the 
fibers were uniformly dyed. believed that elec- 
trical charges between the fiber and the dye caused 
the dye coat the fibers, and that the dyeing 
direct result this electrical attraction. Clavel be- 
lieved that dyeing takes place from very dilute 
aqueous solution which kept saturated the 


breakdown the large dispersed particles dye. 


number Calco acetate dyes have been studied 
detail the Microdyeoscope investigate the 
mechanism dyeing, and obtain direct experi- 
mental evidence support one another these 
opposing theories. 
rayon was wound onto frames for observation the 
cell. The dyes were pasted with amount 
hot water and were added the dye bath together 
with long-chain alcohol sulfate and sodium pyro- 
phosphate dispersing assistants. The dye bath 
was then brought 180°F min. and main- 
tained this temperature for min., during which 
time the dyeing process was virtually completed. 

every dyeing dispersion insoluble particles, 
presumably dye, was observed the cold dye bath 
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immediately after the addition the dispersed pasted 
dye. With certain dyes the dye bath was also 
slightly colored 95°F, while other cases light 
coloration the liquor became evident only 
150°F. few cases positive coloration was 
discerned the dye liquor any temperature. 
every case the rise temperature the bath was 
accompanied -by the development color the 
acetate fibers and the gradual reduction and 
eventual complete disappearance “insoluble” par- 
ticles from the liquor during the dyeing process. 
cases which visible coloration the dye liquor 
had been observed, the disappearance this colora- 
tion followed the disappearance the insoluble 
particles. All fibers were dyed level, with local 
selectivity observed between different fibers. The 
temperature which perceptible coloration the 
fiber was first observed appeared associated 
with the coloration the dye liquor. 

none these dyeings was any tendency ob- 
served for particles dye adhere ac- 
cumulate the surface the acetate fibers. Mag- 
nifications 430 were used examine the 
surface the fibers these studies. Particles 
dye were observed drift past the fibers without 
any indication attraction for the dye the fiber, 
even though the rate flow was reduced zero. 
Frequent collisions between particles and fibers were 
observed, without any adhesion apparent attrac- 
tion any instance. supporting evidence against 
the adherence particles solid dye the fiber, 
crocking tests were made series samples 
fabric dyed identical baths 14% Calco Acetate 
Bordeaux Ex., but removed, respectively, from the 
dye bath 100°F, 120°F, 140°F, 160°F, and 
180°F, and after 10, 20, min. dyeing 
180°F. The samples were dried without rinsing 
and were subjected both wet and dry crocking 
tests. critical crocking points were observed, 
and all samples exhibited approximately the same 
degree resistance crocking. These observa- 
tions are agreement with suggestion 
aqueuos solution intermediate step acetate 
dyeing, and confirm the observations 
and Waters [16]. 

Two dyes considerably different properties may 
cited examples illustrate the range be- 
these are Calco Acetate Orange Ex. Conc. 
(Pr. 43), dye fine particle size; and Calco 
Acetate Bordeaux Ex. (Pr. 238), dye coarse 
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particle size. Both dyes were pasted with water and 
dispersants prior addition the dye bath. With 
14% the Orange type, coloration the dye 
liquor and the fiber was apparent 80°F, with 
numerous fine particles dispersed the bath. 
120°F light yellow coloration was apparent the 
fiber, and 140°F this had deepened golden 
shade, with obvious reduction the number and 
size particles dispersed the bath. 160°F 
the dye bath was virtually free visible particles but 
was still pale orange color. 180°F the dye 
bath had become practically colorless and the fibers 
had developed full golden-yellow shade. 

contrast the Orange 14% the Bor- 
deaux Ex. type produced almost turbid suspen- 
sion large particles colorless medium 80°F. 
the dye-bath temperature was raised 140°F, 
little change was observed, but slight coloration 
the fiber was noted 160°F. 180°F this colora- 
tion had deepened red shade, and large reduc- 
tion the size and number dispersed particles 
was noted. Throughout this entire period the dye 
bath was but very faintly colored. 
mained visible the bath for more than min. 
180°F, but had disappeared entirely after min. 
this temperature. Likewise, the very faint colora- 
tion noted earlier the dye liquor had also disap- 
peared. 


Precipitation the Dye Bath 


Precipitation may occur normal dyeing opera- 
tions, with consequent spoilage the goods, and the 
dyer may find himself unable correct the material 
expedients such adjustment the dye bath, 
additions dye solvents and/or alkalies, rinsing, 
and washing. Precipitation may also occur the 
course normal dyeing cycles without detriment 
the lot realization the dyer. The dyer may 
note slight turbidity opalescence, lack 
transparency the dye bath, without recognizing 
the presence precipitate. practice, films 
bronze floating the surface dye bath are 
indication the presence precipitated dye 
derivative which may cause trouble steps are not 
taken redissolve it. With the Microdyeoscope 
these conditions become immediately apparent. With 
this apparatus, modifications troublesome dyeing 
procedures can studied, and corrections evolved. 
These improvements can then incorporated into 
the practical 


(Figure 7). 
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Direct Cotton Dyes 


Most package, skein yarn, and piece dyers have 
experienced bronzing some time other. One 
known cause bronzing the precipitation 
dye possessing this optical characteristic 
state the addition large quantities exhaust- 
ants the dye bath. Microdyeoscopic study 
the behavior Calcomine Red 4BX (C. 448) was 
carried out, since this dye can made produce 
bronziness textile materials when thrown 
out solution high concentrations common 
sait. One and one-half percent Calcomine Red 
4BX (purified the sodium acetate method) was 
dissolved and added the dye bath. Fibers 
cotton, viscose rayon, and Bemberg rayon were 
mounted for observation this study, which 
bath ratio 60:1 was employed. Common salt, 
added room temperature increments 10%, 
based the weight the goods, produced precipi- 
tation when concentration 70% was reached. 
large excess common salt (total 150%) was 
then added ensure further precipitation and 
retard the re-solution the precipitate the tem- 
perature was raised. During the course the pre- 
cipitation fine dispersion insoluble orange-yellow 
material was seen first the dye bath. Within 
short time, granular semigelatinous orange deposit 
formed all fibers, while the color the dye bath 
was reduced from its original deep yellowish red 
very pale orange. time, the fibers became en- 
rial which persisted with change 185°F 
When the boil was reached, the pre- 
cipitate had partially redissolved, with substantial 
reduction the mass adhering the fibers (Figure 
8). After boiling for min., practically all traces 
the precipitate had vanished, and the fibers were 
deep red shade (Figure 9). Calcomine Red 
4BX used dye bath having too low liquor 
ratio too high concentration salt, however, 
the precipitate may remain the material and pro- 
duce the well-known “bronzing” effect when dried. 
This effect has been confirmed the observation 
fibers coated with the gelatinous precipitate and 
then dried. The presence this deposit can also 
demonstrated examination the fastness 
crocking. cases bronzing, the crock will 
extremely heavy. 
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4BX dyeing 185°F rayon 
and cotton, showing copious 
gelatinous precipitate caused 
addition common salt. 


Fic. Calcomine Red 4BX 
dyeing after min. the boil. 
The precipitate has redissolved 
during this period, and the fibers 
are heavily dyed. 


Fic Calcomine Red 4BX 
dyeing the showing pre- 


cipitate partially redissolved. 
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Precipitation Top-Chrome and Metachrome 


Practical difficulties are well known the applica- 
tion many chrome dyes the conventional top- 
chrome and metachrome methods. While the rea- 
sons underlying these difficulties have not been 
clearly understood, certain modifications the meth- 
ods have been devised overcome them. was 
thought that the acid sensitivity certain dyes might 
associated with these difficulties, and that precipi- 
tation effects might responsible, least part, 
for their behavior. Studies with the Microdyeo- 
scope have confirmed this belief. 

Chrome Brown 101) and Calcochrome 
Orange (C.I. 40) can precipitated readily 
the addition acetic acid the top-chrome dye- 
bath. Both dyes produced crystalline precipitate 
which was observed accumulate the fibers 
room temperature, and which redissolved 
temperature was raised. The presence Glauber’s 
salt does not influence this behavior appreciably. 
The Orange precipitate was entirely redissolved 
120°F, and further complications were ob- 
served during dyeing. The Brown precipitate, 
however, redissolved very slowly temperatures 
170°F higher, and was incompletely redissolved 
even after min. the boil. both cases, little 
coloration the fibers was noted until the precipi- 
tated dye was redissolved. known from practi- 
cal experience that Chrome Brown will yield dye- 
ings poor fastness crocking, washing, and 
fulling the initial the dye bath the 
range 3-4. Under sufficiently acid conditions, the 
original copious brown precipitate may remain 
the fiber throughout the dyeing and chroming opera- 
tions, giving rise poor wetfastness properties. 
The precipitation can prevented starting the 
dyeing alkaline the use ammonia and ammo- 
nium sulfate, followed careful exhaustion the 
bath with dilute acetic acid after min. the boil. 

Chrome Brown also affords interesting ex- 
ample the special agents and/or pro- 
cedures metachrome dyeing. Following normal 
metachrome dyeing procedure, the addition 
ammonium sulfate dye bath containing 
Brown produced copious brown precipitate 
which accumulated the fibers the dye bath 
combined particle and gel phase. The addition 
14% sodium bichromate caused further precipitation 
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-and cleared the dye bath entirely dissolved dye 


80°F (Figure 10). the dye-bath temperature 
was raised the boil, the precipitate redissolved 
partially, with coloration appearing both the dye 
bath and the fibers (Figure 
boiling was necessary, however, remove com- 
pletely the precipitate from the fiber and achieve 
satisfactory exhaustion the bath (Figure 12). 
comparison this procedure, modified process 
(the Calcomet method [12]) requires the addition, 
successive order, the dye, ammonia, 
magnesium sulfate, 0.8% sodium bichromate, 
Calcomet Salt Powder colloidized cationic agent), 
and ammonium sulfate. precipitation ob- 
served this system, and the dye bath may raised 
the boil and boiled for hour secure uniform 
and complete exhaustion without complications. 
The individuality dyes emphasized the 
contrasting behavior Calcochrome Fast Green 
SGV 292) under the conditions described 
above for the conventional metachrome method 
dyeing Brown Green SGV, applied this pro- 
cedure, remains unprecipitated, and proceeds through 
orderly sequence absorption and chromation 
with attendant color change the boil. 
havior has been previously reported [12] for num- 
ber chrome dyes which are absorbed acid dyes 
and subsequently chromed the temperature ap- 
proaches maintained the boil. When Green 
SGV applied the method, the addi- 
tion magnesium sulfate results the formation 
red gelatinous precipitate, with almost complete 
precipitation the dissolved dye. The addition 
the remaining reagents the method produced little 
change this precipitate, which redissolved slowly 
only temperatures above 185°F, with concurrent 
development the chromed green shade the 
fibers. The precipitate remained reddish color, 
and persisted the boil for some time. After boil- 
ing hr., the dye-bath exhaustion was complete, and 
the fully developed shade was obtained the fibers. 
These and other studies modifications the 
top-chrome and metachrome processes have sug- 
gested explanations for several cases anomalous 
behavior. The extreme individuality dyes, how- 
ever, offers serious obstacle the theoretical con- 
sideration the dyeing processes beyond the con- 
cept the initial absorption chrome dyes es- 
sentially acid types, followed chromation 
within the fiber elevated temperatures. has 
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rounded Chrome Brown 
precipitate caused addition 
dyeing 80°F. 


Fic. 11. Chrome Brown 
precipitate 185°F diminished 
partial re-solution. 


Fic. 12. Chrome Brown 
dyeing, showing virtually com- 
plete re-solution precipitate 
after hr. the boil. Fibers 
are uniformly dyed. 
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been pointed out previously [10], chlorination and 
other forms chemical attack the cuticle the 
wool fiber permit more rapid dye absorption tem- 
peratures below that which unfavorable reactions 
occur the metachrome dye-bath system the 
presence unabsorbed dye. Treated fibers can 
therefore dyed the metachrome method with 
dyes that otherwise are not successfully applied 
this manner. 


The Chromation Wool Dyes 


addition the metachrome studies described 
above, the progress chromation dye within the 
wool fiber has been observed with the Microdyeo- 
scope. Dyes exhibiting extreme change shade 
during chromation, such Calcochrome Fast Red 
ECB (C.I. 652) Calcochrome Brilliant Blue 
BBG (C.I. 720), offer excellent visual opportunities 
for this purpose. Similar studies may applied 
the investigation metal effects generally. 

study chromation, wool fibers were subjected 
crushing, incisions, knotting, and other treat- 
ments known perforate break down the re- 
sistance the cuticle penetration dyes. 
Calcochrome Fast Red ECB 652) was applied 
with 10% anhydrous sodium sulfate and 
acetic acid 28%. The addition the acid resulted 
slightly turbid dye bath, with the appearance 
minute particles the Microdyeoscope cell, indi- 
cating the partial precipitation dye room tem- 
perature. the temperature 120°F ef- 
fected complete re-solution the precipitate, and 
the dyeing proceeded normal acid dyeing. 
Red ECB was absorbed selectively 190°F, 
exhibiting local variations considerable intensity 
along the length each fiber, particularly points 
degradation damage, which very early pene- 
tration the dye was observed. the boil, these 
local variations diminished rapidly, and completely 
uniform golden shade was obtained along each fiber 
after min. After min. boiling, the dye bath 
was exhausted and sodium bichromate was 
added. the time this addition, the field con- 
taining the damaged fibers was under observation. 
Within min. after the addition the bichromate, 
local chromation was observed the damaged por- 
tions the fibers. These local areas quickly de- 
veloped the bluish red shade the chromed dye, 
while the normal fiber areas remained the golden 
yellow shade the unchromed Red ECB. During 
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succeeding intervals time, the chrome 
was subsequently observed through regions adjacent 
the damaged areas and, finally, throughout the 
fibers whole. These observations indicate that 
the penetration the chromium compounds used for 
chromation dependent upon the cuticle man- 
ner similar that observed for dyes themselves. 


Leveling Agents Wool Dyeing 


Previous investigations [10] have shown that 
the application metallized dyes wool, tippy dye- 
ing and unlevelness can controlled eliminated 
the use certain surface-active agents. gen- 
eral, both nonionic and cationic agents are known 
which are useful additions the dye bath. 
certain cases, mixtures both types may provide 
leveling and dye-bath behavior superior that 
either type alone [14]. One the most common 
dangers associated with such applications the for- 
mation scum which cannot removed readily 
from the goods the dyeing machinery. The 
Microdyeoscope has proven valuable tool 
the study these agents since both the dye bath and 
the fiber surface can observed closely and con- 
stantly during the entire and uninterrupted dyeing 

temperatures below 200°F, metallized dyes 
not readily penetrate the intact cuticle the wool 
fiber, but are readily absorbed areas and localities 
cuticle damage. Diffusion within the fiber 
slow, and weakly acid dye-bath dyeings ex- 
treme nonuniformity are obtained. The presence 
sulfuric acid and the use leveling agents (to- 
gether with reduced quantity acid) are means 


‘securing more uniform distribution dye. The 


mechanism these two alternative approaches 
the practical problem not fully understood, but 
may associated with either the degradation the 
cuticle the wool fiber sulfuric acid attack the 
“dye reservoir” effect the leveling agent which 
retards dye absorption until high temperatures have 
been reached. The reservoir effect particularly 
important since fiber selectivity greatest the 
early stages dyeing due the penetration dam- 
aged areas low dyeing temperatures [11]. 

The effect boiling solutions sulfuric acid and 
the loss surface characteristics the wool fiber 
can observed and photographed repeatedly the 
Microdyeoscope. The effect appears governed 
acid concentration, time, and the particular dye 
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Fic. 13. Wool fibers heavily 
coated with fernlike deposit 
dye-cationic agent-acid complex 

Calcofast Wool Bordeaux 
Conc., 0.6% cationic agent, 


Fic. Same dyeing and 
fibers Figure 13, showing 
fusion precipitated complex 


Fic. 
agent-acid complex attached 
wool fiber surface. Note that 
region fiber surrounding the 
globule the same shade the 
rest the fiber after boiling for 
min. 
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used. few cases, the normal well-defined scale 
structure virtually obliterated, but, general, only 
moderate surface damage observed. 
effect has been noted above prolonged boiling with 
bichromate, while with weakly acid dyeings this sur- 
face degradation slight. High sulfuric acid con- 
centrations, attack the cuticle the fiber, 
afford means promoting level dyeing, but the 
application depends also upon the rate and extent 
exhaustion dye from highly acid dye bath. 
the case metallized dyes, this rate satisfactory 
with the acid concentrations necessary achieve the 
leveling effect. 

Microdyeoscopic studies have shown that many 
cationic agents react with metallized dyes the pres- 
ence sulfuric acid form highly colored precipi- 
tates which may exhibit solid, viscous, highly fluid 
properties, depending upon temperature. large 
proportion the dye present rendered inactive 
temporarily formation complexes which yield 
dye slowly the dye bath prolonged boiling. 
large number experimental dyeings have been per- 
formed demonstrating this behavior. ex- 
ample, dye bath was prepared containing 
Calcofast Wool Bordeaux Conc. and 0.6% 
cationic agent [15] (condensation product octa- 
decyl guanidine bicarbonate and ethylene oxide). 
The addition sulfuric acid the transparent, 
colored dye bath produced immediate precipitate 
fine, insoluble, gelatinous particles which began 
adhere the fibers. The precipitated material was 
very deep red and built rapidly the fiber 
coarse fernlike structure (Figure 13). the 
temperature was raised 110°F, fusion began 
occur this structure, which 140°F had changed 
sequence large, irregular, deep red, viscous 
liquid globules attached the fibers the manner 
drops water thread (Figure 14). The 
fibers this temperature were tinted but slightly. 
the boil the dye bath was colorless, but the pre- 
cipitate had changed very little. During the boiling 
period, the color the globule was reduced gradu- 
ally, with constantly increasing, but uniform, col- 
oration the fibers. After approximately min. 
boiling, the fibers were deep red, while the viscous 
precipitate had been largely decolorized and reduced 
volume fraction the original. was noted 
that although number large colored globules re- 
mained fixed the fibers during the dyeing opera- 
tion, the coloration the fiber adjacent the boun- 
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daries these globules was identical depth 
shade with the remainder the fiber (Figure 15). 
Previous work [10] has shown that when dyes pene- 
trate the cuticle any point, diffusion within the 
fiber results area deeper coloration sur- 
rounding the point entry. The transfer dye 
therefore does not occur directly between the fiber 
and the dye-agent-acid complex, but takes place 
through the aqueous dye-bath phase. 

The same behavior has been noted with many 
dyes, although wide differences have been observed 
among cationic and blended cationic-nonionic agents. 
The uniformity and depth shade obtained 
skeins wool yarn dyed the presence such 
agents much superior those dyed without them, 
due their property improving the fiberwise uni- 
formity the dyed wool. This believed due 
the dye-withholding action the dye-agent-acid 
complex which acts dye reservoir during the 
early and critical stages dyeing when unequal ab- 
sorption dye most likely occur. The gradual 


release dye from the complex during boiling 


accompanied the uniform absorption dye 
the fiber, since high temperatures the cuticle 
penetrated more rapidly. This process shown 
Figures and 17, which the reduction the 
size and intensity coloration the complex masses 
noted. The development unexplained color- 
less phase within the complex frequently observed 
during the reduction process, can seen Fig- 
ures and 19. There evidence that this phase 
soluble the aqueous dye bath, and may repre- 
sent the combined agent-acid residue remaining after 
the release dye the dye bath. Much remains 
learned the nature the precipitated com- 
plex and its ultimate disposition the dyeing. 
The very strong adhesion between the cationic type 
complex and the fiber has been demonstrated the 
ability these precipitates resist extremely high 
rates liquor flow through the cell without being 
removed from the fiber surface. somewhat im- 
proved hand wool dyed the presence surface- 
active agents suggests their retention either within 
the fiber its surface. 


Histological Studies the Wool Fiber 


The Microdyeoscope has been particularly useful 
the continuous observation individual fibers 
throughout series cyclic wet treatments which 
often terminated only the complete disintegra- 
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20. Fic. 21. 


Fic. 22. 


Fic. 23. 


Fic. 20. Wool fiber treated acid chlorinating solution, showing sacs. chlorinated 
wool fiber shown Figure 20, showing sacs partially contracted treatment with dilute sulfuric acid solution. 
Fic. Same chlorinated wool fiber Figures and 21, with sacs completely contracted and epicuticle re- 
stored continuous contact with fiber. Same fiber shown Figure 20, following treatment with 
dilute sodium hydroxide solution detach and inflate the epicuticle other membrane tube surrounding the 


fiber. 


tion the fiber. The behavior chlorinated wool 
under aqueous alkaline conditions well known, and 
interest both the scientist and the textile 
industry, particularly view the current demand 
the armed services for shrinkproofed vat-dyed 
wool. 

Many investigators have studied the formation 
sacs during the acid chlorination wool 
these sacs are formed osmotic pressure within the 
epicuticle. When wool fiber treated with di- 
lute acid hypochlorite the phenomenon 
shown Figure observed within sec. 
the chlorinating solution rinsed away this point, 
the sacs remain inflated stable. 
Treatment with solutions acids such benzoic, 

The chlorinating solution (25°C) contained 0.05% avail- 


able chlorine and was adjusted 4.5 with hydrochloric 
acid. 


sulfuric, and acetic, with solution Calcozine 
Red causes the sacs contract rapidly through 
the stage shown Figure that shown Figure 
22. Rinsing with water restores the sacs their 
fully inflated condition. This cycle may repeated 
many times. 

any stage this cyclic treatment dilute 
solution (0.01%, 11.15) sodium hydroxide 
brought into contact with the fiber, the individuality 
the sacs destroyed, with the formation 
irregular continuous film which envelopes the fiber. 
the alkaline medium brought into contact with 
the chlorinated fiber which the sacs 
were deflated acid solution, the fiber appears 
swell the enveloping film expands. has been 
found that treatment with the acid solutions men- 

Red solution was prepared dissolving 


200 mg. dye 1000 ml. distilled water. This solution 
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Fic. 24. 25. Fic. 26. 


Fic. 24. Wool fiber, showing “pouch” effect (lower right-hand corner) after successive treatments with acid 
chlorinating solution, sodium hydroxide solution, and Red solution. Fic. 25. Wool fiber, showing 
persistence “pouches” after successive cycles the treatment given the fiber shown Figure 24. Fic. 26. 
ool fiber, showing “pouch” effect, apparently associated with scale structure, after the same treatment that given 


the fiber shown Figure 24. 


tioned above results the total contraction this 
film surrounding the fiber, previously noted 
Figure Rinsing thoroughly with distilled water 
restores the film its former state (Figure 23). 
This cycle expansion and contraction may re- 
peated using the same procedure with the original 
Allworden sacs. 

This similarity behavior suggests that the irreg- 
ular apparent-swelling phenomenon observed when 
chlorinated wool subjected alkali attack due 
the complete separation the epicuticle other 
membrane [1, irregular tube surrounding 
the fiber. somewhat similar behavior observed 
when untreated fibers are subjected attack so- 
dium hydroxide solutions. this case, however, 
the separation the epicuticle other membrane 
appears incomplete, giving rise extreme ir- 
regularity its tubular form. 


Lindberg [7], has suggested that the epicuticle 
may tucked under the edges the scales like 
folded cloth clothes peg. The individuality 
the sacs may due failure dilute 
chlorine solutions release the epicuticle these 
points contact. Presumably, however, dilute so- 
dium hydroxide solutions are able bring about 
their complete release either solvent action upon 
the binding material (endocuticle, cement, 
the separation the scales due the swelling 
action the alkali the fiber. result this 
release, the existing osmotic pressure within the 
epicuticle brings about the rapid conversion the 
individual sacs the continuous irregular 
film. perhaps significance that the alkaline 
conditions under which the epicutical tube seen 
inflated are commonly associated with the well- 
known slippery slimy feel. also common 
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experience that the slipperiness can eliminated 
acidification, which has been observed accom- 
panied the contraction the inflated epicuticle. 
Presumably the gelatinous alkaline layer responsible 
for the sliminess has its origin beneath the epicuticle 
and associated with the observed osmotic effect. 

the course the experiments was observed 
that certain pouchlike projections appeared the 
fiber and persisted through repeated successive treat- 
ments with dilute acid hypochlorite, sodium hydrox- 
ide, and Calcozine Red solutions. These pro- 
jections are shown Figures 24, 25, and 
though they were obscured the inflated epicuticle 
obtained after each alkaline treatment, they became 
visible again after treatment with Calcozine Red 
solution, which caused contraction the epicuticle 
film. The pouchlike projections were oriented 
the same manner scales detached along their distal 
edge. The chemical stability these projections, 
indicated their resistance alkali, suggests that 
they are not identical with the substance the endo- 
cuticle scales. Their form and position nevertheless 
indicates their close association with these scales, 
possibly layer underlying them. 
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The Relationship Between the Structural Geometry 
Textile Fabric and Its Physical Properties 


Part IV: Interstice Geometry and Air Permeability 


Stanley 


Abstract 


This paper study the geometry fabric interstices related air flow through cloth 
structures. assumes that textile yarns act flexible, inextensible, circular cylinders. Modes 
thread interlacing are classified, and minimum horizontal pore areas for each type inter- 
mesh are calculated. Minimum pore areas are then related the air permeabilities both 
open- and close-weave fabrics. Considerable attention devoted the elements fabric struc- 
ture which complicate geometric calculations pore-sectional areas. These include crimp bal- 
ance and yarn flattening and ballooning. Further attention given the relative importance 
interfiber spacings and the interaction between yarn and fabric structures. Finally, this 
study emphasizes the significance the primary and secondary structural features woven 
fabrics the design materials which must satisfy air-permeability requirements. 


Pore Shapes 


The resistance textile fabric the passage 
air under pressure differential related the 
number and size its interstices. highly dense 
materials may impossible define the nature 
fabric interstice. fact, Pesce [7] has 
shown, yarn boundaries certain high-sley fabrics 
are evidenced only gradations fiber-packing 
densities between yarn centers. However, more 
open structures one may, with justification, idealize 
the threads flexible, inextensible, circular cylin- 
ders that are relatively impermeable barriers the 
passage air, and deal primarily with the pore 
structures the cloth. Robertson [8], for example, 
has shown that the coating yarns open 
fabric produced discharge coefficients only 10% 
lower than those uncoated specimens. 

Whether one considers fluid discharge through 
orifice through channel varying cross section, 


Based principally thesis, Massachusetts In- 
stitute Technology, 1948. 

Part appeared the November, 1948, issue, and Parts 
and III appeared the July and September, 1951, issues, 
respectively. 
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the parameter influencing flow rate the greatest 
extent the minimum cross-sectional area the 
passage.* therefore behooves the technologist at- 
tempting design fabric within fixed permeability 
limits consider this minimum area and its relation- 
ship fabric structure. 

Peirce [6] points out, the interstice the unit 
complete hydrodynamic analysis. quite pos- 
sible, however, define the cross-sectional area 
interstice and determine its minimum value 
graphical and, some cases, analytical techniques. 
this way the effect yarn and fabric structure 
minimum pore area can determined and used 
justify empirically determined relationships between 
cloth design and air permeability. The problem here 
similar that the flow fluids through the 
porous media the earth’s surface. For example, 


When conditions test vary fluid viscosities and 
densities and pressure differentials across the fabric, 
impossible arrive general relationship between the 
dimensional parameters air permeability and pore size. 
achieve generality one must consider the relationships 
between dimensionless expressions containing all pertinent 
test variables. Dimensionless parameters have not been 
used the current study, and the results apply 
only the particular test conditions cited. 
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the geophysicists [4] have classified pore structure 
into six types packing systematic assemblages 
uniform spheres. similar classification the 
pores occurring textile fabric may set 
the basis the mode yarn intermesh. planes 
perpendicular the fabric surfaces 
any two adjacent warp and filling yarns are used 
form unit cell, four basic categories pores can 
established (see Figure 1): type which all 
four yarns the unit cell alternate from the top 
the bottom surface the cloth and vice versa; type 
II, which one warp and one filling yarn alternate 
type III, which alternation the yarns takes 
and type IV, which either two warp yarns 
two filling yarns alternate from top bottom 
surface vice versa. 

Most commercial fabric constructions have two 
three types pores. The plain weave consists en- 
tirely type interstices. Few weaves contain all 
four types. two fabrics are woven with identical 
yarn diameters and yarn spacings, they may vary 
markedly regard pore volume and shape, de- 
pending upon the manner interlacing the 
threads. The weave determines the number each 
type interstice present fabric and therefore the 
general form and cross-sectional area the pores. 
The variation shape each the interstice types 
shown Figure which progressive horizontal 
sections the four pore types have been drawn, 
much the same manner that Bailey [1] cut longi- 
tudinal sections actual fabrics. evident that 
the interstice with the greatest number yarn in- 
terlacings, type has the smallest minimum cross- 
sectional area for the relatively open fabrics con- 
sidered here, while the pore with interlacings, 
type III, has the largest minimum cross-sectional 
area. the basis pore-sectional area, may 
expected, then, that among relatively open fabrics 
having the same yarn diameters and spacings, those 
with plain weaves will offer most resistance the 
passage gases. Long-float twills sateens, 
the other hand, with the greatest number type 
interstices, will show the maximum permeability. 
This anticipation relationship between the hori- 
zontal pore area and the air permeability the 
fabric assumes, course, that the smallest effective 
pore area parallel the plane the fabric. This 
assumption has analytical justification, view 
the irregular shapes the various pore types, but 
accepted representative average condi- 


Fic. The four interstice types. 


tion order avoid undue complication the geo- 
metric considerations follow. 

order deal with pore areas more quan- 
titative basis, one must consider the geometry the 
yarns which make the unit [5] 
crimp diagram useful this connection, and as- 
sumes, shown Figure that the yarn com- 
prised two geometric forms—the circular cylinder 
and the torus section. Analytical expression for the 
cross-sectional areas these separate forms may 
developed,* but when the horizontal section cuts 
both cylinder and torus the expressions for the area 
become quite complicated. This situation better 
dealt with particular instance mechanical in- 
tegration. The areas cross-sectional cuts 
torus have been shown Part III this series, deal- 


horizontal section taken across the crimped yarn 
Figure will have area where only the circular cylinder 
involved, 

rr 
= 
sin 
and where only the torus involved, 


Here, the depth cut, the length the perpendicular 
from point the perimeter the horizontal section 
the axis the torus, the major radius the torus and 
equals the sum and the crimp diagram, and 
the minor radius the torus, the yarn radius, and 
equals 


A= 
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Fic. views 
unit Numbers refer 
successive sections taken in- 


Fic. diagram. 
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ing with the abrasion-resistance yarn crowns, and 
need not repeated here. interest, how- 
ever, consider the hypothetical pores pictured 
Figure and deal with the combined sectional 
areas torus, inclined-cylinder, 
cylinder forms. Prior its reduction scale, Fig- 
ure was drawn with warp and filling diameters 
the interstices were taken levels .25 in. 
apart. The areas these sections were determined, 
and were then reduced factor 250,000 that 
the data Table assume direct relation 
fabric whose warp and filling diameters are .004 in. 
and whose yarn spacing, .01 in. warp and fill 
—that is, with d/p ratio This corresponds 
fabric texture 100 100 threads per inch and 
yarn count approximately 80’s, cotton system, 
both warp and filling. The data are plotted Fig- 
ure 

this hypothetical fabric, the total cross-sectional 
area the unit cell 10,000 sq. in., and 
remains simply subtract from this quantity the 
maximum values yarn cross-sectional areas 
listed Table for each interstice (see Figure 4). 
this manner the minimum pore cross-sectional 
area computed relative basis for each unit 
cell. 
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TABLE YARN AREAS SUCCESSIVE 
LEVELS FOR YARNS ALL 
Four Types INTERSTICEs 


Type Types and Type III 
1868 2666 3464 
2760 3318 3876 
3584 3792 4000 
4436 4156 3876 
5112 4288 3464 
5596 4120 2644 
5784 2892 0000 


TABLE Pore AREA FoR Four INTERSTICE 
Types 


Absolute area Relative area 


4216 sq. in. 0.698 
5712 0.934 
Ill 6124 1.000 
5712 0.934 


These computations minimum pore areas apply 
only fabric that completely balanced tex- 
ture, yarn count, and crimp. The relative areas, 
based the Type III interstice, given the third 
column Table will differ considerably un- 
balanced cloth. This point will considered later, 
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together with the factors that weaken the geometric 
assumptions this discussion. 


Pore Area and Air Permeability 


remains seen what extent the above 
geometric considerations may applied actual 
fabrics. number weave patterns were studied, 
and the distribution pore types was determined 
for each these structures. The percentage each 
pore type present repeat was multiplied its 
minimum pore-sectional area, and these products 
were then summed furnish value average 
minimum pore area for each weave. Fabrics de- 
scribed Schiefer [9] were evaluated this man- 
ner because their construction approximated ma- 
terial texture 100 100 threads per inch such 
pictured Figures and The average mini- 
mum pore areas were then plotted against the air 
permeabilities reported Schiefer (see Figure 5). 
Only those fabrics which Schiefer had judged 
possess firm, close weaves were included. Despite 
this characterization, these fabrics were quite open 
compared apparel materials, where air perme- 
ability importance. therefore probable 
that slight distortions the yarns the plane the 
fabric easily offset differences sectional areas due 
the method thread interlacing. This reflected 


AVG. MIN. PORE AREA INCHES) 
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Fic. Air permeability and average minimum 
pore areas. 
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the high scatter the points shown Figure 
and therefore one would hesitate use the single 
parameter average pore areas computed geo- 
metrically predict the permeability structures 
such those studied Schiefer. But must 
remembered that the ordinarily used parameters 
cloth structure (yarns per inch and yarn count) 
could not used predict variations perme- 
ability the different weaves this study because 
they were held essentially constant. Schiefer 
pointed out, the fabrics which were closely woven 
and firm and had large number thread inter- 
lacings per unit area and short floats had lower air 
permeabilities than cloths the same weight which 
were loosely woven and sleazy and had small num- 
ber thread interlacings per unit area and long 
floats. the other hand, the more intersections 
fabric has per square inch, the higher will the 
measured crimp the yarns the fabric. Thus 
for balanced fabrics with equal textures and yarn 
diameters, total crimp will serve indirectly basis 
for predicting air permeability, seen the 
graphical relationship between air permeability and 
total crimp for Schiefer’s fabrics (Figure 6). The 
use crimp alone parameter for the prediction 
the permeabilities fabrics not 
justifiable. 
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Schiefer’s study [9] covers remarkable range 
fabrics, including plain, twill, rib, mock leno, basket, 
sateens, and combinations these patterns. 
pointed out above, Schiefer’s fabrics are quite open, 
having d/p ratio .4. materials used 
the Army apparel fabrics are good deal tighter. 
For this reason, the geometry closely packed 
fabrics has been considered. Here, the open spaces 
between the sections pictured Figure are dras- 
tically reduced. The limiting condition occurs when 
either warp filling yarns are closely packed 
that adjacent yarns the same parallel set touch. 
When the warp yarns which are packed, the 
minimum sections Figure are modified the 
manner shown Figure consideration 
this extreme condition one would expect air pas- 
sage through type III pore and increasing amounts 
through the types II, and pores, the order 
listed. Notice that fabrics containing varying pro- 
portions these pores will have different perme- 
abilities although they have the same projected pore 
area, which this extreme case zero. Finally, 
becomes evident that the relative difference between 
the minimum pore areas the four interstice types 
greater for tightly woven fabric (Figure than 
for more open cloths (Figure 2). 

The validity the above reasoning and geometric 
considerations has been checked limited degree 


wy 
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Fic. Minimum cross sections 
the four interstices close- 
packed-warp fabric. 


several cloths varying weave and texture which 
were part series fabrics prepared for 
Quartermaster abrasion study. The materials con- 
sisted five tight weaves which had the interstice 
distributions given Table IIT. 

Following Peirce [6], the fraction total pro- 
jected area left open per square inch fabric was 
computed from the expression 


where 1/d the cotton count), and 
the yarn diameters inches, and and the 
yarn spacings inches. The air permeability 
the fabrics was tested the Schiefer apparatus un- 
der pressure differential in. water, and 
the measured values are listed Table and are 
plotted Figure (left) against projected pore 
areas the fabrics. 

The minimum pore areas the test fabrics were 
also computed using the geometric forms represent- 
ing the minimum sections approximated Fig- 
ure The horizontal sections were taken 
rectangular for the straight horizontal portions 
the yarn and elliptical for the inclined thread seg- 
ments and the yarn crowns. Major and minor axes 
the elliptical sections are indicated Figure 
the case the type III pore which occurred 
the sateen weaves, was seen that adjacent warp 


Weave Details weave Type Type Type Type 
right-hand twill stripes 
flush stripes 

Oxford Two warp yarns weaving 

one 
Sateen Five-harness 4/1 .20 
Plain (4) 1.00 
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LEGEND 
HBT 
HBT 

PLAIN 

OXFORD 

SATEEN 


Fic. Air permeability and relative pore areas. area. Right—Minimum actual area. 


floats ballooned upward—that is, they were arc- warp yarns, and their place elliptical areas were 


shaped instead straight. The HBT floats, the computed with semimajor and semiminor axes 
other hand, were quite straight. Accordingly, and d,,/2, respectively. 

curvature the sateen floats precluded the use evident that the relationship between pro- 
rectangles represent the horizontal sections the pore areas and air permeabilities the fabrics 


TABLE 


Projected pore Minimum pore Air 
Fabric Texture* area per sq. in. area per sq. in. permeabilityt 


HBT-modified .0628 .258 
HBT-modified .0713 .267 


Average yarn diameters: warp .010 in., filling .011 in. 
Measured under pressure differential in. water. 
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poor. pointed out above, the warp yarns 
were packed that the ratio equaled one, 
often the case high-sley fabrics, the pro- 
jected area would have been zero, and, course, 
relationship could have existed. However, there 
definite improvement this relationship when 
minimum pore areas, computed described above 
and listed Table IV, are plotted against air perme- 
ability (Figure (right)). important 
feature these data that the minimum sections 
the fabric pores have been computed the basis 
purely geometric considerations, assuming crimp 
balance and yarn specific volume equal 1.1, after 
Peirce [5]. Only the case the sateen has 
knowledge the actual structures the woven 
fabric been used modify This 
latter procedure may considered invalid because 
generally one does not know the required modifica- 
tions the simple geometric assumptions before 
fabric actually made and studied sectional view 
under the microscope, has been done this case. 
However, with further experimentation sufficient 
information the distortions the simple geometry 
allow valid adjustment pore-area computations 
purely geometric basis and may thus lead 
the possibility more accurate predictions perme- 
ability. Questions such these can best an- 
swered critical study the mechanism air 
flow through monofilament fabrics wire screens. 


Crimp Unbalance 


The geometric calculations minimum pore areas 
the five weaves listed Table have been based 
the approximate yarn cross-sectional forms 
Figure which imply condition crimp balance. 
Actually, the fabrics involved did not have balanced 
crimp. would difficult determine what 
extent balance tightly woven textile constructed 
twisted yarns would affect air flow because the 
many variables such structure would pose the 
problem achieving satisfactory experimental con- 
trols. the other hand, the case wire mono- 
filament woven moterials worthy detailed con- 
sideration, with view establishing method 
determining advance the minimum pore area for 
cloths with unbalanced crimp. 

Peirce [6] has defined crimp the case plain- 
weave fabrics (see Figure the ratio actual 
yarn length, minus its length projected the 
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horizontal plane, the projected length, 
Warp yarn crimp expressed percent 


and the filling crimp 


With design information given Cw, 
and the sum the warp and filling diameters, one 
can refer Peirce’s analytical expressions [5, 
reconstruct the pertinent crimp diagram for pro- 
posed fabric, his nomogram method, consist- 
this method, accurate values the wave heights, 
and hy, and the angles inclination, and 
can obtained. With these data dimensionally 
similar fabric pore may modeled clear plastic 
tubing. then possible evaluate progressive 
horizontal sections the interstice filling the 
plastic tubes with colored fluid and permitting the 
fluid run out incremental stages (each which 
represents definite depth cut), while viewing 
the surface contours, which represent sectional areas, 
from above the model. 

Yarn crimp fabric usually measured ex- 
tracting single yarns and determining the difference 
per inch cloth between the straightened yarn 
length and its projection the surface the fabric. 
Crimp data measured for other than plain-weave 
fabrics have little relationship the true crimp dia- 
gram Figure and cannot used compute 
graphically determine the relative heights yarn 
crowns unit cell. The nonalternating yarns 
present the unit cell not contribute the 
amount crimp measured. Measured values must 
redistributed those unit cells where yarn alter- 
nation actually take place. This can easily ac- 
complished multiplying the measured crimp 
weave factor, the case warp crimp, 
equals the total number filling threads per repeat 
divided the number times the warp alternates 
from top bottom the pattern; similar pro- 
ceduce followed determining My. 

The need for this correction obvious from con- 
sideration the constructional formulas the 
HBT and the Oxford fabrics listed Table IV. 
However, the sateen float does not lend itself such 
simple geometric correction because its balloon- 
ing curvature. general, however, local crimp 
magnitude and balance within the unit cell must 


| 
4 
| 
ro 
= 


1951 


specified order fix the shape and the size 
the minimum pore cross-sectional area. Whether 
the model procedure outlined above warranted 
depends upon (1) the exactitude the specification 
requirements for permeability; (2) the cost and 
time involved making experimental cloth speci- 
mens; and (3) the degree which the yarn struc- 
ture monofilament meets the assumptions 
circularity and nondistortion cross section bend- 
ing. From another point view, the model tech- 
nique may valuable explaining apparent con- 
tradictions the permeabilities fabrics which are 
already use great quantities. 


Interfiber Pores 


The contribution interfiber pores the free 
passage air through textile fabrics difficult 
measure quantitatively. Robertson [8] showed that 
blocking interfiber pores the discharge coefficient 
did not change more than 10% when testing open 
fabrics d/p ratio less than .4. What effect 
blocking the interfiber pores may have the case 
higher d/p ratios has not been determined, but 
assumed that very densely packed fabrics the 
space between yarns will the same order 
magnitude the spacing between fibers yarn 
(see Bailey’s section Oxford fabric [1]). 
Wakeham [12] measured the air permeability and 
also the interfiber pore spacings the tightest fabrics 
each weave taken from the same experimental 
series the materials listed Table IV. re- 
ports the total free spaces (total fabric volume less 
fiber volume), the interfiber pore volumes, and the 
median pore diameters for various weaves, and in- 
dicates the existence general relationship be- 
tween each these parameters and the measured air 
permeability the materials. While all Wake- 
ham’s fabrics were tightly woven, with practically 
interyarn pores observable through the cloth 
structure, many the less tightly woven fabrics 
listed Table did have observable pores. 
several cases these interyarn pores became apparent 
only when the materials were placed front 
strong light and were viewed angle the 
plane the cloth surface. However, the case 
the fabrics Table which were constructed with 
maximum tightness and did not evidence interyarn 
pores through the fabric, was noted that great 
deal more light was transmitted between yarns than 


through the yarns, might have been expected 
from the circularity the yarn cross sections. The 
fact that these tight fabrics are shown Table 
have calculated projected pore areas the order 
.03 .08 sq. in. per sq. in. cloth due the 
assumption perfect yarn circularity and yarn 
specific volume 1.1 (after Peirce [5]). 

fabrics possessing visible interyarn pores, the 
interstice geometry will have predominant in- 
fluence air flow. However, Wakeham [11] 
points out, several the fabrics the type con- 
sidered herein, there distinction made 
between holes which are there result yarn 
geometry and those which exist the loose struc- 
ture the outer shells the yarn. The distinction 
which might made less when the yarn com- 
posed fibers which have great irregularities in- 
duced crimp than the cases where yarns are 
composed straight, smooth, continuous filaments. 
Certainly the influence fiber crimp permeability 
becomes important tightly woven fabrics.” 

There question, the light these considera- 
tions, why calculations based interyarn 
pore geometry can show general correlation with 
measured values air permeabilities for the fabrics 
which have visible pores well for the more 
open constructions. pointed out above (Figure 
7), pores which one set yarns touch each other 
have finite minimum pore areas whose relative mag- 
nitudes depend upon the mode thread intermesh. 
Fabrics containing varying proportions these 
pores will have different permeabilities although they 
have the same projected pore area, which this 
extreme case zero. very tightly woven fabrics 
where yarn distortion and overriding reduces the 
actual pore volumes and areas the order mag- 
nitude the interfiber spacings, the calculated mini- 
mum areas are also related the air permeability 
the cloth, although slightly different manner. 
This indicated the relative amount light 
which transmitted between and through the yarns 
the tightest fabrics the series. Here would 
appear that the geometric calculations depict the 
relative areas the different fabrics where the path 
length through the fairly uniformly spaced fibers 
the shortest and, correspondingly, the resistance 
air flow the least. The question the relative 
contribution interyarn and interfiber pores for 
the case the tightly woven fabric composed 
yarns with more less optimum twist admittedly 
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academic, but nevertheless interest con- 
sider why different parameters can used judge 
the amount air which will pass through fabric 
under given pressure differential. One suspects 
that there definite interaction between the struc- 
tural factors the material. 

The relationship between interfiber pore volume, 
median diameters, and air permeability the case 
the fabrics tested may explained terms the 
bending compression the yarns the different 
unit cells each fabric structure. the type 
pore there maximum bending yarns, while 
the type III pore there minimum bending 
yarns. Thread-bending sets tensile forces the 
top fibers, and compressive tendencies the bottom 
fibers the bent-yarn structure. 
forces will high there freedom move- 
ment fibers within the yarn, and will negligible 
complete fiber motion possible. Where 
relative fiber movement takes place, the tensile stress 
developed will higher for smaller radii bending 
curvatures. Tensile forces developed the top 
the crown will induce flattening the yarn and 
reduction yarn reduction inter- 
fiber spacings. Measurements interfiber pore 
sizes yarn which subjected frequent bend- 
ings along its length and lateral compression against 
cross yarns should therefore indicate lower values 
than measurements the same yarn unbent. 
short, can reasoned that the same factor—i.e., 
numerous interlacings yarn systems—which con- 
tributes reduction interyarn pore sizes also re- 
duces interfiber spacing. 

Consideration fabrics which all other ele- 
ments fabric structure except yarn twist are held 
constant should throw some light the question. 
Here interfiber spacings within the yarns are re- 
duced nature the closer packing the more 
highly twisted yarns, but, Robertson [8] and 
Clayton [3] point out, permeability increases with 
increases yarn twist. 

Similar reasoning can used explain the re- 
lationship between total free volume and air perme- 
ability. Total free volume equals the total fabric 
volume minus the fiber volume—it includes both 
interfiber and interyarn spaces. For given thick- 
ness fabric, when there more fiber volume 
present the total free volume will decreased. 
follows that fabrics with more yarn length per unit 
area the fabric—that is, with more measured 
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crimp arising from the number interlacings per 
unit area—will have less total free volume. Thus, 
the value total free volume also depends upon the 
number interlacings. 

This discussion, must emphasized, does not 
refute Wakeham’s contention, but simply points out 
the interdependence the many elements fabric 
structure. The question answered is, course, 
which these elements are causative and which are 
secondary effects. The above discussion favors 
yarn structure and the method yarn interlacing 
the primary factors influencing air permeability. 
quite clear, however, that only consideration 
the more complete picture will allow explanation 
the many anomalies observed daily 
testing. 


Other Factors Fabric Structure Affecting 
Air Permeability 


has been shown that twist direction, well 
magnitude, affects the air permeability woven 
fabrics. Strong [10], for example, points out that 
where warp and filling twists are both both 
twist, the fabric structure will more compact 
due nesting fibers points contact between 
warp and filling. twill constructions, less con- 
spicuous twill line accompanies the combination 
S-S Z-Z twist, and the fabric itself less porous 
and has lower air permeability. Conversely, S-Z 
Z-S twist results more pronounced twill, more 
open fabric structure, and higher permeability. 
can likewise shown that the direction the rib 
twill fabric influences its structure and therefore 
its permeability. 

The use which fabric put will often change 
its structure and, the its permeability. 
Heavy pressure calendering fabric during 
finishing will alter its air permeability. Shrinkage 
during laundering has significant effect. Napping 
abrasion will alter structure and permeability. 
Finally, tension the fabric during use will modify 
its flow characteristics. This particularly im- 
portant the case parachute fabrics, which must 
tested under tension and air pressures cor- 
responding flight conditions enable 
factory prediction the performance the para- 
chute. tests [2] have shown that the 
porosity (corresponding the term “permeability” 
used here) may increase with biaxial stress one 
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group fabrics and decrease another group. 
This not simple matter stretching the fabric 
biaxially and widening the pores. Tension woven 
structures results change yarn spacings, 
crimp interchange, thread shear, yarn flatten- 
ing crossovers, and increased yarn densities. 
All these factors are related minimum pore 
areas. therefore necessary that parachute de- 
signers determine the significance their individual 
combined effect order predict end-item per- 
formance under all possible conditions. 


Conclusions 


The different behavior various textile structures 
possessing equal projected pore areas may at- 
tributed the nature interlacing the warp and 
filling yarns. Considered from the point view 
the unit cell the fabric, the permeability the in- 
dividual interstice can related the geometrically 
determined minimum area the pore. This mini- 
mum area is, turn, related the nature inter- 
is, the interstice type and the crimp 
balance. Minimum areas can computed from 
precise geometric relationships, mechanical in- 
tegration, through the use models, or, finally, 
approximations pore shapes. The degree pre- 
cision sought calculations the minimum pore 
areas should depend upon the extent which the as- 
sumption this approach are met the material 
under consideration. assumption that the 
yarn structures are solid, flexible cylinders which 
maintain their circular cross sections bending. 
Where fabrics are woven with maximum tightness, 
likely that interfiber spacings within yarns also 
contribute air flow through the fabric. However, 
moderately tight fabrics, the relative flow-resistance 
the interyarn pores spacings should dominate 
the flow through the fabric. 

The effect minimum pore areas fabric flow 
characteristics not clear-cut because the simplify- 
ing assumption underlying their calculation more 
often violated than obeyed. The yarns open- 
textured fabrics (of d/p ratios less than .5) are 
often distorted both and out the plane the 
fabric order achieve static equilibrium within 
the weave structure. tighter fabrics the magni- 
tude such distortions reduced, but here there 
increased tendency toward flattening the 
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threads when they are bent over 
yarn density and reduction interfiber spacings 
all these reduce air flow. Low-twist yarns have 
the most flattening given cloth, and high-twist 
yarns the least. 

The prediction air flow through fabrics be- 
comes even more complex when consideration 
given changes yarn and fabric structure occur- 
ring during actual use the cloth, result 
continued servicing. While air flow through mono- 
filament wire cloths may lend itself further 


structural features filamentous and 
tiles discourage attempts generalize the analyti- 
cal aspects the mechanism flow through fabrics. 
The textile technologist who interested the 
problem can nevertheless engineer fabrics effectively 
(1) recognizes the numerous interactions such 
are discussed this paper; (2) evaluates their 
relative importance the material with which 
deals; and (3) controls the design his experi- 
mental cloths avoid opposing permeability 
effects yarn and fabric geometrics. 
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Apparent Mildew-Resistance Weathered 
Cotton Duck 


Edward Abrams* 


Institute Textile Technology, Charlottesville, Virginia 


URING World War II, was found the 
Bureau Standards and other laboratories that 
untreated cotton fabric which had been exposed 
sunlight would longer support mildew growth 
the same extent the original fabric. Although 
the fabric had lost some its strength due out- 
door exposure, the resistance the fabric molds 
appeared have been improved. 

Jarrell, Stuart, and Holman [6], 1937, pointed 
out that untreated cotton duck which had been ex- 
posed outdoor weathering for months showed 
some mildew-resistance comparison with unex- 
posed samples. They concluded that “apparently 
Chaetomium globosum does not attack cotton fibers 
which have become degraded and weakened sun- 
light the same extent attacks new, un- 
weathered cotton fibers.” 

This problem was re-examined the present 
study with the object determining the cause 
this phenomenon. 


Present address: Southern Research Institute, 917 South 
20th Street, Birmingham Ala. 


Experimental 


The fabric used this study was 8-oz. cotton 
duck which had been woven without sizing. The 
fabric was exposed the roof the Applications 
Building the Institute Textile Technology for 
periods and months. The fabrics were 
cut from selvage selvage and were in. wide 
the warp direction. Fabrics were exposed sin- 
gle thickness and also double thickness. The 
words “lower” and “upper the tables refer 
lower and upper strips double thickness 
fabric. all cases, the lower fabric did not receive 
the direct rays the sun, whereas the upper fabric 
did. The fabrics were mounted frame facing 
south angle 45°. 

Twenty-one single-fabric strips and double- 
fabric strips were thus exposed. Before exposure, 
the single and the double strips were kier- 
sure for hrs. Another group singles and 
doubles was dewaxed extraction with alcohol 
and ether, each for hrs. The remaining singles 
and doubles were exposed without modification. 
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The edges all strips were bound with bias tape 
prevent ravelling the filling yarns. The strips 
were mounted with reasonable amount slackness 
compensate for the effect shrinkage. 

After each exposure period, one strip each 
type and thickness fabric was removed from the 
exposure rack. These included the following: un- 
modified single, unmodified double, dewaxed single, 
dewaxed double, kier-boiled single, and kier-boiled 
double. 

The upper and lower parts the double sam- 
ples were separated and then all samples were cut 
give minimum specimens for each ex- 
posure strip. These specimens were in. the 
warp direction approximately in. the filling 
direction. All specimens were ravelled uniform 
thread count threads. Ten specimens from 
each strip were conditioned 73°F and 60% R.H. 
for hrs., and were then broken Suter Fabric 
Tester. Strength was calculated percent residual 
strength the original for each type fabric. 

The remaining specimens each strip were 
tested for resistance cellulolytic mold. The 
organism used was Chaetomium globosum, and the 
method test was similar that reported 
Research Report No. [1]. The test strips were 
sterilized before being placed sterile agar spe- 
cial culture bottles. The strips were then inocu- 
lated with the spores from pure culture 
The inoculated strips were incubated 
28°C for days. Controls consisted unexposed 
duck which was similar all other respects the 
exposed duck—that is, unmodified duck for the un- 
modified, exposed duck; dewaxed duck for the de- 
waxed, exposed duck; and kier-boiled duck for the 
kier-boiled, exposed duck. 

The 6-day incubation period was selected because 
represents state decomposition unexposed 
cotton duck which not too far advanced per- 
mit obtaining significant differences 
strength results. 

the end days, the mildewed specimens 
were removed from the bottles and were washed, 
dried, and conditioned 73°F and 60% R.H. for 
hrs. They were then broken Suter Fabric 
Tester. Strength was calculated percent residual 
strength the exposed fabric for each type fabric 
—that.is, the end each outdoor exposure time 
period the breaking strength each type fabric 
(although reduced strength from the original) 
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was taken 100% that ratings could made 
the loss strength those specimens which, 
addition outdoor exposure, were also subjected 
mold growth. These results, therefore, not 
reflect the cumulative effect outdoor exposure 
plus mildew damage. 

Table are given the residual strengths the 
types cotton duck result outdoor ex- 
posure alone. These results are shown graphically 
Figures 1A, 1B, and 

Table shows the residual strengths outdoor- 
exposed fabrics which have subsequently been 
tested for resistance globosum. The “origi- 
nals” this case were the breaking strength each 
type fabric after outdoor exposure. These results 
are shown graphically Figures 2A, 2B, and 2C. 

Table III shows the cumulative effect outdoor 
exposure and the action globosum for days. 
The “originals” this case were the breaking 
strengths each type fabric before outdoor ex- 
posure. These results are shown graphically 


Figures 3A, 3B, and 3C. 


Discussion 
Effect Exposure 


Effect Time.—Table and Figures 1A, 1B, and 
show that outdoor weathering over period 
months causes steady loss tensile strength 
the unmodified cotton duck well cotton 
duck which has been given dewaxing and kier-boiling 
treatments. 

Effect Position has been cus- 
tomary mount test fabrics single thickness for 
outdoor-exposure experiments. Bogaty [4] varied 
this procedure exposing single fabrics plywood- 
backed frames addition similar samples 
mounted open frames. found that fabrics 
tendered about 10% slower when mounied the 
open-back frames. 

order study the effect the direct rays 
the sun, comparison with outdoor exposure 
the absence the direct rays the sun, double 


thickness fabric was mounted open-back 


frame. The upper fabric received the direct rays 
the sun, whereas the lower fabric received 
direct rays sunlight. 

For each type fabric, the results show that the 
fabric weathered the absence direct sunlight, 
the “lower,” lost less strength than either the “up- 
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per” which were weathered direct 
sunlight. This result, general, was obtained not 
only with untreated cotton duck, but also after de- 
waxing and kier-boiling treatments (Table The 
“single” fabrics show slight tendency toward 
lower residual strengths than either the 
“lower” mounted fabrics. 

Effect Fabric compara- 
ble weathering conditions and methods mounting 
the fabric samples the racks, the various fabrics 
studied may arranged the following decreasing 
order loss tensile strength: kier-boiled fabrics, 
dewaxed fabrics, and unmodified fabrics (Table I). 
Thus, the maximum loss tensile strength occurred 
with the kier-boiled fabric, and the extent 
76% for “single,” 75% for “upper,” and 51% for 
“lower” mounted fabric samples. The dewaxed and 
unmodified fabrics lose tensile strength de- 
cidedly lesser rate, but essentially the same order 
regards method sample mounting. 

Possibility Mildew Damage During 
examination the exposed fabrics 
Clegg’s method [5] and the author’s modifica- 
tion [2] failed show any evidence microbio- 
logical growth. Therefore, concluded that the 
cause the fabric deterioration was the exposure 
the sunlight, the alternate wetting and drying, the 
action the wind, and, possibly, chemical fumes 
from the laboratory. regard the latter, Bogaty 
found that untreated Osnaburg deteriorates 
more rapidly the roof the Bureau Standards 
miles from Washington. 

view the lack evidence microbiological 
growth any the fabrics during roof exposure, 
surprising that much strength was lost the 
“lower” fabrics months—31% for unmodified 
cotton, 22% for dewaxed fabric, and 51% for kier- 
boiled fabric. These fabric samples had not been 
subjected the direct rays sunlight. 


Effect Mildew 


Table and Figures 2A, 2B, and show the 
apparent increase resistance globosum 
cotton duck which had been exposed outdoors. The 
unexposed fabric shows strength loss 87% for 
unmodified cotton, 72% for kier-boiled cotton, and 
69% for dewaxed cotton when incubated with 
globosum for days. However, after only months 
outdoor exposure, subsequent incubation with 
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globosum for days tends produce smaller loss 
strength, regardless the position cloth during 
exposure. The losses strength, although con- 
siderable, are still lower than the loss strength 
the original fabrics. They range from high 
75% for the unmodified “lower” fabric low 
52% for the dewaxed “single.” The only exception 
this general trend the kier-boiled fabric, 
which had loss 73%, compared loss 
72% for the original fabric. 

After months outdoor exposure, incubation 
with globosum for days results smaller loss 
strength than for the 2-month exposure. all 
cases the residual strengths are higher. They vary 
from loss 51% for the unmodified “lower” fabric 
loss only 12% for the unmodified 
The “lower” fabrics tend lose more strength after 
mildew exposure that the “upper” and “single” 
fabrics. However, considering that they have not 
been exposed sunlight, seems remarkable that 
they have developed even small degree re- 
sistance the molds. 

For most the exposed fabrics, the 4-month 
exposure seems impart the highest degree re- 
sistance C..globosum. There are several excep- 
tions this, but the trend unmistakable. 

After months outdoor exposure, subsequent 
incubation with globosum reveals that the rate 
increase resistance which was found through 
the fourth month exposure was not maintained. 
the case the unmodified fabrics, there slight 
tendency toward increased resistance, although the 
fabric shows slight decrease resistance. 
the case the dewaxed and kier-boiled fabrics, 
there definite decrease resistance glo- 
bosum after the sixth month. However, case 
does the decrease bring the residual strength 
lower value than for the second month exposure. 
matter fact, after the fourth month ex- 
posure, continued outdoor exposure tends keep 
resistance globosum fairly steady level. 
only the destruction the fabric photochemical 
and other means after the eighth month which pre- 
cludes the possibility examining this phenomenon 
over longer exposure periods. 

The explanation for the apparent increase re- 
sistance outdoor-exposed cotton duck 
globosum the basis photochemical degradation 
becomes less tenable when this resistance tensile- 
strength loss also found samples which had 
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been protected from direct sunlight while weather- 
ing—that is, “lower” mounted fabrics. Although the 
loss strength “lower” fabrics due outdoor 
exposure uniformly less than for and 
“single” fabrics, subsequent incubation with 
globosum reduces the strength “lower” fabrics 
greater extent than the latter fabrics. possible 
explanation for the decrease strength the 
“lower” mounted fabrics that the chemical atmos- 
phere the roof the Applications Building 
I.T.T. may affect this fabric manner similar 
that sunlight the “single” and fabrics. 
The “upper” and “single” fabrics, addition 
being subjected this atmosphere, were also sub- 
jected sunlight. The effect the sunlight and 
the chemical vapors the cotton duck may thus 
similar, and may differ only degree. 

studying the mode attack globosum 
single cotton fibers [2], has been found that the 
attack localized, and the attacked regions alkali- 
soluble cellulose formed. This fact implies that 
there are regions the cotton fibers which are more 
susceptible the enzymes globosum than are 
other regions. these regions are labile cel- 
lulolytic enzymes, quite possible that they would 
also easily attacked sunlight and corrosive 
chemical gases. this were true, then the regions 
the cotton fiber which would normally at- 
tacked globosum are longer present their 
original form. 

Wagner al. [7], their study the effect 
ultraviolet radiation cotton and its utilization 
Myrothecium verrucaria, concluded that “irradiated 
cotton fibers lost less tensile strength fungal de- 
cay than did the unirradiated. Therefore, may 
stated that there predisposition biological 
degradation cotton fibers ultraviolet light ir- 
radiation, but rather that there slight resistance 
fungal action imparted the irradiation. This 
effect may accounted for the basis altera- 
tion the cellulose from its native state due 
photochemical reaction. The modified cellulose thus 
formed presents substrate different from the native, 
which turn will affect the nature and rate 
fungal growth.” 

The careful reading similar reports leads the 
conclusion that this phenomenon has probably been 
observed others. Barghoorn [3] states that his 
“Cycled Exposure” 8-months’ duration, which 
samples were exposed the sun for one 
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the jungle for one week, followed 2-weeks’ 
storage the damp wet state humid atmos- 
phere unventilated storeroom, have 
been useless experiment” because deterioration, 
especially the untreated fabrics, was unusually 
slow. 

Zuck and Diehl [8] believe that damage ex- 
posed cotton fabric caused slow-growing molds 
which are difficult culture the laboratory. They 
give conclusive evidence regarding the presence 
these organisms and their strength tests show that 
the weakest portions the fabric coincide with the 
presence these organisms. They were able 
show these effects only after the fabric had been ex- 
posed the elements for long time. Since these 
organisms not grow media which support the 
growth many cellulolytic molds, including glo- 
bosum, may possible that these slow-growing 
organisms not attack the cotton until has been 
modified outdoor exposure. 


Summary 


Cotton duck—as received, dewaxed, kier- 
boiled—has been exposed the weather the roof 
the Applications Building the Tex- 
tile Technology for periods time varying from 
months months. The fabric was exposed 
single strips and Breaking- 
strength tests the exposed fabrics show steady 
decrease strength with time, the kier-boiled fab- 
rics losing the greatest percentage strength. 

After outdoor the fabrics were incubated 
with Chaetomium globosum for days. Disregard- 
ing the loss strength due weathering, the fab- 
rics show degree resistance globosum 
which increased the fourth month outdoor 
exposure, after which the resistance remained essen- 
tially constant through the eighth month. 

possible explanation for this phenomenon that 
the deterioration the “amorphous” cellulose com- 
ponent the fiber accomplished most rapidly 
photochemical action, leaving essentially the “crys- 
talline” cellulose component the cotton, which 
more highly resistant globosum than the 
former. 
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Fading Dye Cellulose Acetate Light 
and Gas Fumes 


4-bis(Methylamino)-Anthraquinone 


Monroe Couper 


Technical Division, Organic Chemicals Department, Pont Nemours 
and Company, Inc., Wilmington, Delaware 


EFFORT elucidate the chemical reac- 
tions which occur during dye fading cellulose 
acetate fabric, study has been made the “fading 
products” isolated from faded dyeings the com- 


The blue color this dispersed-type dye became 
noticeably redder when, the fabric, was faded 


either light gas fumes.* The colored deg- 
radation products were extracted from the cloth and 
were examined chromatographically. They were 
found include each the six possible 1,4-disub- 
stituted anthraquinones 
amino, hydroxy groups. There was also evidence 
the presence anthraquinone nuclei bearing three 
more hydroxy groups, and imino- and methyl- 

The fading reaction these cases obviously 
complex, and includes N-dealkylation, hydrolysis 
amino (or methylamino) hydroxy groups, oxida- 
tion amino imino groups and methylamino 


Mixed oxides nitrogen present minute quantities 
air; also referred “atmospheric fumes.” 
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methylimino groups, nuclear hydroxylation, nu- 
clear deamination, and possibly oxidation amino 
hydroxylamino groups and methylamino 
N-methylhydroxylamino groups. 
tive pattern prevails. 

The study was extended briefly nylon and 
acetylated nylon. Fading dye these fibers 
somewhat different from that cellulose acetate. 
The action light does not cause appreciable red- 
dening, and the action gas fumes does ex- 
tremely slowly. Chromatographic study revealed 
that the same types products are formed 
cellulose acetate, but different proportions. 


general oxida- 


Experimental Details and Discussion 


Purification Dye 


Dye was purified sucessive recrystallizations 
from benzene and from ethanol, after which con- 
quinone, based chromatographic evidence. This 
compound was formed during fading much 
amount than was originally present, and 


hence its presence the original dye was not mis- 
leading. 


Preparation Dyeings 


0.0125% dye suspension was prepared dis- 
solving sulforicinoleic acid and diluting with 
water. Dyeing was effected holding the fabric 
parts dye suspension for min. 120°F, 
min. 140°F, and hrs. 180°F. The dyeings 
were rinsed thoroughly and ironed lightly 

The three fabrics used were: (a) prescoured, 
bright-face, delustered-back, cellulose acetate 
satin, 200 71, 75-den. warp, 120-den. filling; (b) 
prescoured, bright, plain-weave, nylon; (c) 
acetylated nylon, prepared according Peters [10] 
from sample Dr. Remington this labo- 
ratory 3-day refluxing 20-g. piece nylon 
135 ml. benzene and ml. acetic anhydride, 
followed thorough washing. 


Exposure Conditions 


Each sample dyed fabric was exposed 
Atlas FDA-R Fade-Ometer. The dye the cel- 
lulose acetate sample was sufficiently degraded for 
study after 220 hrs., that the samples nylon 
after hrs. The sunlight fading was direct 
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exposure 45° outdoor racks facing south 
sunny days during two summer months. The sam- 
ples were taken indoors night avoid excessive 
exposure moisture. Only the cellulose acetate 
dyeing was used for sunlight fading. Fading gas 
fumes was carried out Seibert, using 
the A.A.T.C.C. method [2]. Three successive ex- 
posure periods gave adequate dye degradation the 
cellulose acetate dyeing. The nylon dyeings were 
exposed the gas-fume test chamber until marked 
discoloration had occurred standard exposure 


Extraction and Separation Fading Products 


30:1 mixture benzene and methanol was 
used extract nearly all the colored matter from 
the faded cellulose acetate dyeings without damage 
the fabric. Boiling methanol was used the 
faded nylon dyeings, but the extent color removal 
was not great that obtained with the mixed 
solvents cellulose acetate. Removal methanol, 
prerequisite sharp chromatographic separation 
the products, was effected total evaporation 
solvents steam bath. The residue was stored 
over calcium chloride desiccator. Chromato- 
grams were made from benzene solutions this 
residue, using activated alumina or, preferably, mag- 
nesium carbonate (U.S.P. Heavy) adsorbents. 
The alumina has too high affinity for the fading 
products permit separation the more strongly 
adsorbed bands. Furthermore, certain bands 
(thought diiminoanthraquinones) were not 
stable this adsorbent. Magnesium carbonate 
superior both these respects, but also effects 
some chemical changes the adsorbed bands, 
described below. Celite 545 was found use- 


ful elution rates with magnesium car- 
bonate. 


Identification Fading Products 


The six least strongly adsorbed bands the mag- 
nesium carbonate column (Table Nos. 16-21) 
were isolated sufficient quantity for purification 
fresh magnesium carbonate columns. The ab- 
sorption spectra these compounds for the visible 
region were determined 95% ethanol, using 
Beckmann Spectrophotometer. Since the quantities 


material were too small for accurate weighing, 
their spectra were compared with the spectra 
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TABLE Description BANDs CHROMATOGRAMS FADING PRODUCTS FROM 
Dye CELLULOSE ACETATE 
Band Fade- Identity 
desig- Sunlight Ometer gas-fume (anthraquinone Basis 
Color band fading fading derivatives) identification 
dull blue-violet present 
dull green present present® 
violet present present present 
pink present trace present 
blue present present present 
pink present present present 1,4-dihydroxy superposition 
violet present present present 1-amino-4-hydroxy superposition 
blue present present present 1-hydroxy-4-methylamino superposition 
yellow present 1-hydroxy hue and position 
red present present present 1,4-diimino see text 
red-violet present present 1,4-diamino absorption spectrum 
blue-violet present present present 1-imino-4-methylimino see text 
blue present present present 1-amino-4-methylamino absorption spectrum 
green-blue present present present absorption spectrum 
pink present 1-methylamino absorption spectrum 


Brackets indicate bands relatively close together. 
After three exposure periods A.A.T.C.C. equipment. 


prolonged development larger tube, appeared doublet. 


Dull blue without grayish cast. 


prolonged development large tube, appeared doublet; upper component much the bluer green. 


gray band appeared about this position. 
Increased concentration during development. 
Original dye. 


known compounds shape curve only. The 
solute concentrations were adjusted for maximum 
instrumental precision, and the extinction coefficient, 
log transmission), was plotted logarithmi- 
cally against wave length form curves whose 
shape was independent concentration [3]. The 
identity the weaker (and more strongly adsorbed) 
bands was established mixture chromatograms 
with known compounds. 


Photodegradation Fibers 


Table shows, the Fade-Ometer affected the 
dye very much the same way did natural sun- 
light. The reason for reddening during fading 
evident from the fact that the major fading products, 
Nos. 12, 13, and are hypsochromic with re- 
spect the undegraded original dye, No. 20. Bands 
more strongly absorbed than 1,4-dihydroxyanthra- 
quinone probably represent compounds three 


Have visible absorption maxima nearer the ultraviolet 
region, and thus appear redder. 


more hydroxyl groups, with without amino 
groups. 

Compounds and deserve special mention, 
since they differ from the other isolated products 
several important respects. They have single 
absorption bands the visible region, 520 and 
560 respectively, 95% ethanol. This 
contrast the doublet band which characteristic 
the diamino compounds isolated (Nos 17, 19, and 
20), and evidence against diamino structure, 
since doublet band associated with the possibility 
mesomeric electron shifts from 1,4-pair 
amino groups toward the anthraquinone nucleus [1]. 
However, compounds and include nitrogen- 
containing groups the and positions; when 
they are dissolved benzene and passed through 
column alumina, they are converted 
and 
tively. These later products were identified ab- 
sorption spectra and mixture chromatograms 
with known compounds, which the band the 
known substance was found superimposed 
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the band representing the unknown product, causing 
the band become noticeably stronger. 

Other preparative methods have been found for 
compounds and 18, but yet these substances 
have been isolated only chromatographic scale. 
compound identical with that band 
chromatographic properties, absorption spectrum, 
and behavior alumina column has been found 
among the oxidation products obtained from 
amino-4-methylaminoanthraquinone the action 
silver oxide ether solution under conditions used 
Willstatter and Pfannenstiel [16] for the prepa- 
ration quinonediimine from p-phenylenediamine. 
The compound band may prepared ultra- 
violet photolysis the original dye ethyl acetate 
solution and chromatographic separation the prod- 
ucts. this photolysis, the yield compound 
increased air, rather than nitrogen, introduced 
during irradiation, fact suggesting oxidative 
mechanism for its formation. 

Present evidence favors the diimino structures 


R=H 


anthraquinone referred the patent 
literature Schmidt and Bamberger [12, 13] 
blood-red substance, not isolated. Compound 
not described the literature. 

Close observation the development chroma- 
tograms each the three fading-product mix- 
tures (sunlight, Fade-Ometer, and gas-fume) 
Table showed changes which can only inter- 
preted chemical changes occurring the mag- 
nesium carbonate columns. distinct dull-orange 
region, which appeared just below band early 
stages development, could seen grow weaker 
and disappear relatively rapidly. Simultaneously, 
new bands appeared which had not been present 
originally, but which, once formed, assumed their 
positions among the other bands well after the latter 
had separated into definite pattern. Bands 12, 13, 
and were seen formed this way. Thus, 
there evidence for the formation least one 
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photodegradation product that even more rudi- 
mentary and unstable than the diimines. Its color, 
position the column, and type, degradation 
products suggest N-hydroxylamino and/or 
methyl-N-hydroxylamino groups, but isolation 
identification has yet been made. 

The photodegradation products found Table 
are indicative several reaction types: N-dealkyla- 
tion, oxidation amines imines, hydrolysis 
amino (or methylamino) groups hydroxy groups, 
and hydroxylation the anthraquinone 
This general pattern characteristic oxidative 
reactions the aminoanthraquinone series [7]. 

Light fading dye nylon gave primarily 
bands 16-19 Table and these such small 
amount, relative disappearance the original dye, 
that the failure the dyeing redden during fad- 
ing was explained. nylon was more 
nearly like cellulose acetate the bands formed 
light fading. This fabric showed noticeably more 
reddening than did nylon. 


Gas-Fume Fading Fibers 


Past studies [6, 11] the chemistry this type 
fading have pointed diazotization, nitrosation, 
and oxidation amino groups, with subsequent 
decomposition influenced light, water, and acids. 
The striking similarity between fume-fading prod- 
ucts and those from light fading (shown Table 
places more emphasis general oxidative action 
gas-fume fading than previous evidence would 
suggest. 

unlikely that the action incidental gas 
fumes present during Fade-Ometer exposure ac- 
counts for the reddening dye light and for 
the similarity between light-fading products and gas- 
fume-fading products found Table since re- 
moving these nitrogen oxides from air passed over 
quartz-enclosed specimen the Fade-Ometer did 
not eliminate reddening the dye light. 

Furthermore, acetylated nylon dyeings dye 
which show some reddening light, are essentially 
resistant gas fumes nylon itself, which 
reddening light does not occur. 

should noted that the approximately equiva- 
lent resistance this dye gas fumes both nylon 
and acetylated nylon must mean that nylon confers 
gas-fume-resistance some protective device other 
than through the basic nature the amino end- 
groups the nylon fiber. 


OOD 
| 4 
4 


724 


Chemical 


Several oxidative degradations N-substituted 
diaminoanthraquinones were examined the hope 
establishing relationship with dye fading 
fabrics. The complete set bands Table was 
not reproduced, but the nearest approach came from 
treating dye with 93% sulfuric acid 175°-180°C 
the presence mercuric salts [8]. The products 
this reaction were examined chromatographically, 
using the techniques described above. Compounds 
12, 13, 17, 19, 20, and Table were found, 
indicating demethylation, deamination, 
ment amino hydroxy groups. Diimino deriva- 
tives, formed, could not have withstood the aqueous 
isolation conditions [13]. The replacement the 
amino group hycroxy group concentrated 
acid medium finds counterpart the reported 
conversion dye 1-hydroxy-4-methylamino- 
anthraquinone during manganese dioxide oxidation 
concentrated sulfuric acid [12, 

Oxidation with silver oxide anhydrous ether 
[16] has been mentioned above means pre- 
paring compound (structure from 1-amino-4- 
methylaminoanthraquinone. This 
action product was readily separated chromato- 
graphically from the other reaction products, quini- 
zarin and monohydroxy-aminoanthraquinone. 
more careful separation the weakly absorbed 
bands should result isolation the diimine No. 
(structure from this reaction. Silver oxide 
oxidation dye absolute ether was very slow 
and was not studied. 


Photodegradation Solution (Photolysis) 


few experiments were conducted find whether 
fading cellulose acetate fabric could duplicated 
solution. Nitrogen air was bubbled through 
ethyl acetate solutions dye quartz vessels 
illuminated mercury arc. After severe fading 
and color change, the solvent was evaporated and 
the residue was examined 
radiation presence air gave the only recog- 
nizable products compounds and Table 
methylaminoanthraquinone. The former was isolated 
and was shown converted the latter, ex- 
pected, alumina column. The richly banded 
pattern shown Table was absent, although few 
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very strongly absorbed blue and violet bands were 
noted. 

the absence air, bands and again rep- 
resented the only recognizable products, but their 
concentration was much less than that found the 
presence air. Above them appeared series 
nine bands, mostly reds and blues, including one 
strongly absorbed broad yellow region. None 
the nine bands corresponded with those Table 
and Nos. 10, 12, and were absent. The yellow 
region appeared comprise leuco compound be- 
cause its color, its location very near the dihy- 
droxy compound, quinizarin, when the latter was 
deliberately added, and 
pearance some process other than elution during 
overnight development the chromatogram. 

Apparently, dye photolysis (photodegradation 
solution), even the presence air, may quite 
different from photodegradation fibers. 

The simultaneous formation both apparent 
reduction product and oxidation product dur- 
ing irradiation substantial absence air strik- 
ing. anthraquinones leuco 
compounds the absence oxygen already has 
been reported [9, 14], and has been believed some 
evidence for the occurrence similar process 
during dye fading textile fibers [4, 15]. 


Summary 


number stable photodegradation products 
dyeings 
cellulose acetate fabric have been isolated and 
identified. These products give evidence the fol- 
lowing reaction types: N-dealkylation, hydrolysis 
amino (or methylamino) groups hydroxy groups, 
oxidation amines imines, and nuclear hydroxy- 
lation. 

Each these reaction types has been shown 
selected chemical oxidations the start- 
ing material solution. 

Photolysis 
quinone ethyl acetate solution was shown fol- 
low reaction pattern different from that photo- 
degradation the fiber, even when oxygen was 
passed through the solution. substantial ab- 
sence oxygen, the fading products from solution 
irradiation were still less similar those from ir- 
radiation fibers, and included photoreduction 
leuco compounds. 
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The products severe gas-fume fading 1,4- 
cellulose acetate 
fabric bear striking resemblance those from 
light fading. Some deamination also occurs. These 
results place greater emphasis general oxidation 
reactions during gas-fume fading than had hitherto 
been realized. 

Through the comparison dyed nylon with 
dyed acetylated nylon has been demonstrated that 
the presence primary amino groups nylon 
not the explanation for the freedom from gas-fume 
discoloration dyes this fiber. 
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Thermal Tire Cords 


Part Effects Strength, Elongation, 


Carl Conrad, Verne Tripp, and Trinidad Mares 


Southern Regional Research New Orleans, Louisiana 


Introduction 


The study described this report was designed 
throw light the permanent thermal degradation 
the tire cord tire. was concerned, for the 
most part, with the effect heat alone cotton 
and rayon cords sections tires, the absence 
any mechanical action. attempt made 
answer the question concerning any possible me- 
chanical degradation, such has been observed 
under certain conditions others [7, 10, 12], inas- 
much such mechanical degradation road opera- 
tion inextricably bound with the heat produced 
the. same time. The present investigation was 
designed amplify and, possible, explain the ear- 
lier work Conrad, Lyons, and Tripp [3] which 
showed that cotton tire cords taken from tires that 
had been operated failure fleet tests, 
tire wheel, underwent small but definite degree 
chemical degradation the cellulose. But tem- 
perature records the tires operation were kept 
that study, and the cause the degradation might 
have been either thermal mechanical nature. 

The present report deals with changes strength, 
elongation break and load, and the 
amount cellulose chain breakage resulting from ex- 
posures tire cords various stages processing, 
and tire sections, temperatures 230°-302°F 
for various periods 1024 hrs. 
The effects exposures these temperatures and 
periods some the derived quantities, such 
modulus, toughness, and resilience, will discussed 
Part this series. The effects such treat- 
ments the flex fatigue the cords and related 
properties will discussed later paper. 


before meeting The Fiber Society 
Clemson, South Carolina, Apr. 14, 1949. 

the laboratories the Bureau Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, Department Agriculture. 
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The work was conducted, for the most part, 
the Southern Regional Research Laboratory from 
1946 The building the tires was con- 
ducted under the supervision the Armstrong Tire 
and Rubber Company according their regular 
production procedure. Wheel tests were conducted 
the National Bureau Standards. 


Materials and Methods 


The cotton and rayon cords used the present 
study were those actual commercial tire produc- 
tion the time. They were not especially selected, 
inasmuch all samples were subjected the 
same treatments. Table gives the pertinent prop- 
erties the cords employed. 

Both the cotton and rayon cords were sampled 
the following stages: the untreated 
the fabrics; after dipping; after calendering into 
the rubber stock; and slabs cut from the com- 
pletely vulcanized tires. Samples were also removed 


Cotton Rayon 
Property cord cord 
Cord construction 11/4/2 1100/2 
Twist: Yarn 15.2Z 
Ply (t.p.i.) 18.0Z 
Cord (t.p.i.) 
Cord gage (in.) 0.0334 0.0225 
Cord number, equivalent cotton 1.02 
Cord number, grex 5789.2 2838.9 
Strength, standard atmosphere 20.00 
Strength, bone dry 18.55 
atmosphere (%) 7.0 
Elongation bone dry (%) 8.3 
Elongation break, standard 
atmosphere 11.1 
Elongation break, bone dry (%) 11.4 
Degree polymerization cellulose 4420 
Crystallinity cellulose 90.7 
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TABLE II. FOR VULCANIZATION TIRES 


Cotton Rayon 
tire tire 


Plies 
“Hot Shot” (steam, 200 Ibs.) (min.) 
Temperature Shot” steam, calc. 

(°F) 394 
Bag water, 350°F (min.) 
Evacuation time (min.) 
Total cure time (min.) 
Maximum temperature tire (°F) 308 


from extra tires that had been operated failure 
National Bureau Standards wheel. 

The tires were small-truck for 
cotton and 7.50-20 for rayon. Since the two types 
tires were not being made the same size the 
time, the difference size could not avoided. 
The processing was conducted according the fol- 
lowing schedule. The composition dips used 
cotton and rayon cord fabrics differed slightly, that 
for the rayon being more concentrated Syntex,* 
latex, and casein. The cords were dried tem- 
perature 270° 290°F hot-air blast, and 
then cans heated 245°F, the entire operation 

The cord fabrics were reheated cans 240°F 
and were passed through the calender, where the 
GR-S and reclaimed rubber were applied both 
sides the cords. 

The calendered stocks were dipped with very 
thin, quick-curing, rubber cement naphtha im- 
prove the tackiness and adhesion later during the 
building the tire. 

Stock from the bias cutter was built into tires ac- 


cording the schedule shown Table II. During 


the cure the temperature was determined one each 
the cotton and rayon tires 5-min. intervals, 
with thermocouples located the following three 
strategic points: crown, under breaker; shoulder, 
under breaker; and under side bead. will 
seen from Figure that the temperatures rose 
quickly for about min., and then leveled off. The 
cotton tire reached maximum temperature 
308°F, the rayon tire maximum only 292°F. 
short failure the when first applied 


*The mention trade products does not imply their en- 
dorsement the Department Agriculture over similar 
products not mentioned. 
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the rayon tire caused momentary interruption 
the rise temperature that tire. 

After completion the tires, they, together with 
the various untreated, dipped, and calendered cord 
samples, were shipped the Southern Regional Re- 
search Laboratory and were stored for about 
months room 65% R.H. and 70°F. 

After storage, one rayon and two cotton cord tires 
were cut into sections. Cuts were made oblique 
angles across the tire such way lie parallel 
the cords alternate plies. Immediately after 
cutting, the edges the sections were coated with 
layer rubber cement reduce moisture transfer 
out them during subsequent operations. 

One each cotton and rayon tire was subjected 
step-up load wheel tests smooth wheel. The 
initial inflations were and and the speeds 
and miles per hr., respectively. The initial 
load the cotton tire was 1250 and the daily 
increment 310 The initial load the rayon 
tire was 1800 and the daily increment 450 
for the first two days, and 225 lbs. thereafter. The 
cotton tire failed prematurely, with double x-break 
2360 miles, due probably undersized, but the 
only available, rim. The highest temperature re- 
corded was 239°F, found the side the tread, 
also indicating faulty test. The rayon tire failed 
normally 6375 miles, due carcass break and 


TEMPERATURE OF CURE, °F 


20 4 SO 60 
TIME OF CURE, MINUTES 


Fic. Temperature cotton and rayon tires during 
the vulcanization process. 
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tread separation. The highest temperature recorded, 


also found the tread, was 295°F. 

Samples cord for analyses were taken from the 
body both the cotton and the rayon tire, and, 
addition, from the edge the break the cotton 
tire. The cords had separated from the calen- 
dered stock and the tire slabs before they were ready 
for analyses. the case the 6-ply cotton, tire, 
cords were removed from the third and fifth ply, 
counting from the inside the the case 
the 10-ply rayon tire, cords were removed from the 
third, fifth, seventh, and ninth ply. neither case 
were cords removed from the first ply, because the 
difficulty removing the adhering rubber. The 
cords from different plies were composited equal 
numbers for all tests that were made. 

The oven used heat the cords was constructed 
2-in. Foamglas according details described 
Grant Figure 2.) The upper chamber 
compartment could lifted from its floor means 
pulley arrangement. gasket soft rubber 
tubing was attached the lower edge the chamber 
minimize leakage air into and out the cham- 
ber during the heating samples. 

Heating was accomplished two separate elec- 
trical elements, each fed from variable transformer. 
The heat output the smaller element, which was 
controlled means mercury thermoregulator and 
relay system, amounted about 10% that the 
total both elements. was found advantageous 
provide second thermoregulator, controlling both 
heating circuits and set temperature about 1°C 
above the control temperature, safety measure. 
frame was arranged prevent the samples from 
coming contact with the heating elements, and also 
allow free circulation the air. 

The atmosphere the oven was maintained 
approximately 40% R.H. means air stream 
saturated with water vapor 170.6°F (77°C). 
was computed, using the precautions described 
Dillon and Prettyman [4] for relative humidity 
temperatures above the boiling point water. The 
air humidifier (Figure consisted electrically 
heated insulated steel tank containing water through 
which air was bubbled and was conducted through 
heated tube connected the top the oven cham- 
ber. The temperature the water the tank was 
controlled within 1°C mercury thermoregulator 
and relay system. Approximately 0.75 cu. ft. per 
min. humidified air was conducted into the oven. 


HE G 
ELEMENTS 
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FRAME 


AIR HUMIDIFIER 

SMALL 
HEATING 
ELEMENTS 


OVEN 


Fic. Schematic diagram oven and humidifier used 


thermal-degradation studies. 


escaped through various thermometer ports and 
crevices the oven chamber, and thus provided 
continuously changed air bath within the oven. 

The temperatures and periods heating employed 
for the cotton and rayon cords and their different 
products are shown Table 

Inasmuch the period analyses the cords 
extended over some months, measurements were 
repeated unheated cords the end this period 
determine whether any changes had occurred 
result storage. 

The breaking strength and elongation the cords 
were determined Suter cord tester, using 
weights for 25-lb. capacity, and autographic record- 
ing chart. The methods were those outlined 
Committee D-13, A.S.T.M. [1], for “Tests and Tol- 
erances for Cotton Tire Cord,” with the exceptions 
that the standard atmospheric conditions used were 
70°F and 65% R.H. and the capacity the machine 
was not changed, although few instances occurred 
which the breaking load exceeded Ibs. 

The method determining cuprammonium fluid- 
ity has already been described Conrad, Lyons, 
and Tripp [3]. However, the Baker-Philippoff 
[15] equation obtain the intrinsic viscosity was 


TABLE III. TEMPERATURES AND PERIODS 
HEATING DIFFERENT CoRD SAMPLES 


Period Temperatures heating 
230°F 248°F 266°F 


heating (140°C) (150°C) 
(hrs.) (hrs.) (hrs.) (hrs.) 
Medium 512 256 
Longest 1024 512 256 128 
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not used the present study, but, rather, the D.P. 
was based experimentally verified relation be- 
tween specific viscosity and intrinsic viscosity.* The 
Kraemer [8] constant 260 was then used con- 
vert intrinsic viscosity D.P. 

The fraction chain links broken was computed 
for the degraded samples 


Thus, taking the reciprocals the degrees 
polymerization and subtracting that the initial from 
that the final D.P., easy compute the pro- 
portion links broken. moving the decimal two 


places the right—i.e., 100 N,—the results are ex- 
pressed percent links broken, thus, 
100 


The approximation due 


The relation, which will described detail elsewhere, 
based the extrapolation the logarithm the spe- 
cific viscosity-concentration ratio (“reduced viscosity”) de- 


termined 500 and several low concentrations, 


zero concentration. 
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considering the number links equal the de- 
gree polymerization did not cause more than 
relative error the most exaggerated case the 
present study. 

Results 


Unheated Cord Samples 


Untreated and processed cotton and rayon cords 
were subjected the various analyses. This was 
done first March, 1947, and again November, 
1948; the repeat analysis was made order de- 
termine whether any changes properties had oc- 
curred during the rather lengthy period required for 
the study. The results are given Table IV. 

will noted, first, that the data from the two 
dates sampling are good agreement, indicating 
that change the properties the cords occurred 
during the approximately months storage. 

Examination Table reveals some changes 
properties result processing. The degree 
polymerization the cellulose the vulcanized tire, 


TABLE IV. LENGTH AND TENSILE PROPERTIES CELLULOSES UNHEATED AND Corps 


Time 
Fiber and cord sample test 


Cotton 
Untreated 3/47 
11/48 


Dipped 3/47 
11/48 


Calendered 3/47 
11/48 


Vulcanized 3/47 
11/48 


Wheel-tested tire, body* 11/48 
Wheel-tested tire, edge breakt 11/48 


Untreated 3/47 
11/48 


Dipped 3/47 
11/48 


Calendered 3/47 
11/48 


Vulcanized 3/47 
11/48 


Wheel-tested tire, body* 11/48 


Degree 
polymerization 


Breaking Elongation 
strength break Ibs. 
(Ibs.) (%) (%) 


4420 20.0 11.4 7.2 
4500 20.1 10.6 


4300 20.4 11.1 
4200 21.1 10.8 


4200 20.2 13.6 
4130 20.0 12.8 


3720 22.3 9.7 
3770 21.2 9.8 


3200 8.5 
2520 

565 

510 


530 
515 


555 
485 


520 
495 


405 


Cords removed from portion tire carcass which was apparently sound. 


Cords removed from portion tire carcass immediate vicinity break. 


— 


6.6 
5.9 
11.8 
14.2 14.3 9.3 
14.0 13.8 9.1 
14.5 14.2 9.5 
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compared with that for the unheated cord, was 
about 16% lower for the cotton cords, and about 
lower for the rayon cords. consideration the 
errors measurement, these decreases are real, be- 
yond doubt. They are expected, too, view 
the temperatures reached during dipping and 
calendering, and particularly during the greater por- 
tion the vulcanizing process, and also considering 
the strong effect temperature shown subsequent 
experiments. The strength the cords scarcely 
changed, save those cords removed from the cotton 
tire which appear have increased strength. 
believed that this increase real and due 
stretching elevated temperature the mold. This 
borne out the reduced capacity the cord 
general agreement with the observations Philipp 
and Conrad [13]. The capacity the rayon cord 
elongate seems have been reduced dipping, 
and have remained low the subsequent steps. 

The cords from the wheel-tested tires underwent 
still further chemical degradation; the degree 
polymerization the cellulose decreased even the 
apparently undamaged parts the cotton tire fur- 
ther 12% total 28% the case the rayon, 
further 19% total nearly 25% from that 
the original value. The cotton cord taken from the 
edge the break the tire showed even greater 
reduction, over 40%, degree polymerization. 
The cord from the rayon tire lost approximately 35% 
its original strength. The strength the cord 
from the cotton tires was not appreciably affected, 
but will remembered that this tire had failed 
entirely cotton and rayon cords 
lost considerable capacity elongate, owing, per- 
haps, growth the tires. 


Heated Cord Samples 


Breaking breaking strengths 
cotton and rayon tire cords, expressed 
centage the strength the unheated cords, are pre- 
sented Figure semilogarithmic plots. The 
absolute-strength values for each panel are given, for 
convenience reference, beneath the appropriate 
legends the panels; these are taken from the data 
for the earlier the two sets tests reported 
Table IV. 

The curves Figure show that untreated cot- 
ton and rayon cords lost strength slowly, even 
230°F (110°C), but more rapidly the tempera- 
ture was raised. Generally, the loss strength for 
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the corresponding temperature and time heating 
was considerably greater for rayon than for the cot- 
ton 

comparison between panels reveals that the 
two highest temperatures, dipping (Figure 3B) usu- 
ally resulted somewhat greater loss strength 
than was experienced the untreated cords (Figure 
3A). the other hand, the vulcanized rubber 
the slabs (Figure 3D) and, lesser extent, the 
unvulcanized calender stock (Figure 3C) protected 
the cords partially, though means completely. 
assumed that vulcanization the stock took 
place during the process heating. The possible 
cause the damaging action the dip will 
referred later, the Discussion 

the two lowest temperatures, somewhat dif- 
ferent picture obtains. The dipped cords behaved 
nearly the same the untreated cords for given 
period heating. the other hand, the cords 
the vulcanized slabs and especially the cords the 
calendered stock showed definitely greater loss 
strength than the control cords. The lack pro- 
tection the rubber the lower temperatures will 
also referred the Discussion section. 

Elongation Break.—Figure shows the elonga- 
tion break the heated cords, expressed 
percentage the elongation break the unheated 
cords. 

Generally speaking, the elongation break in- 
creased slightly the beginning, corresponding 
decreasing modulus, and then decreased progress- 
ively with time the effect decreasing strength 
becomes predominant. There were number 
exceptions, which may may not due obser- 
vational errors. 

The elongation break the rayon cords de- 
creased relatively somewhat more for any given tem- 
perature and period heating than the cotton cords. 
This line with the greater relative loss 
strength the rayon cords. 

Heat affected elongation break the cord 
the different processing treatments about the same 
way did the strength: generally reduced elon- 
gation break the dipped (Figure 4B) and cal- 
endered (Figure 4C) cords compared the con- 
trol (Figure 4A). Vulcanized rubber appeared 
lessen the effect heat the elongation break 
both cotton and rayon cords (Figure 4D). 

cotton and rayon cords fixed load 
expressed percentage the corresponding elon- 
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gation the unheated cords, shown Figure 
many cases where the cord broke less than 
Ibs. load, the elongation had extrapolated 
Ibs.; all such points are marked with 
trapolation not satisfactory since the slope the 
elongation curve has assumed remain the 
same the point break or, alternatively, 
follow some pattern, neither which may strictly 
correct. The cases where breaks occurred below 
Ibs. load can identified reference Figure 
only cases out the tests cotton cords 
did breaks occur below the lowest being 
the rayon cords, the other hand, there 
were cases breaks below thus seriously 
limiting the value the measurements these cases. 

With the above explanations, will seen that 
the elongation Ibs. load generally increased 
with period heating, increased and then de- 
creased. The increase elongation lbs. was 
generally greater for the rayon cords given 
temperature and period heating than for the cotton 
cords. The increase was often, though not invari- 
ably, greater the higher temperatures than the 
lower. 

The effect heat was approximately the same 
both the untreated (Figure 5A) and the dipped 
cords (Figure 5B). the other hand, calendering 
(Figure 5C) and rubber-vulcanizing (Figure 5D) 
largely protected the cotton cords from the effect 
heat. The calendered rayon cord showed excessive 
increase elongation Ibs. load, followed, 
number cases, recession below the original 
value. the rayon cord vulcanized rubber, heat 
though smaller increase than the untreated cord. 

Cellulose Links effects heat 
the breakage the chain lengths the cellulose— 
namely, the percent glucose links broken 
different stages processing the cords—are 
shown Figure 

The effect heat the degradation cellulose 
shown more consistently, and certainly more sensi- 
tively, means the computed percent links 
broken than any the preceding measures. The 
rate degradation was somewhat more than dou- 
bled, the average, for each increase 18°F 
(10°C) temperature. 

percentage basis, the rayon cords degraded 
generally much more than did the cotton how- 
ever, the D.P. the cellulose rayon cords the 
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start was only about one-eighth that the cotton 

comparison the effects heat the different 
stages processing the percentage links 
broken reveals some differences behavior. For 
the most part, the dipped cotton and rayon cords 
(Figure 6B) showed somewhat greater degradation 
than the untreated cords (Figure 6A), especially 
the higher temperatures. This line with the 
observed loss strength, and probably may at- 
tributed the same cause—namely, the alkaline re- 
action the dip. 

Both calendered cotton and rayon cords showed 
appreciable protection the higher temperatures, 
due, presumably, the completion the vulcani- 
zation process these temperatures. the other 
hand, breakage links the lower temperatures 
both cotton and rayon cords was more severe the 
calendered cords than the controls. 

The vulcanized rubber offered strong, though in- 
complete, protection against thermal degradation 
the higher temperatures, but practically protec- 
tion the lower temperatures. This, too, 
agreement with the effects heat the strength, 
and suggests common cause—probably oxidation 
followed rupture the cellulose chains. 

Exposure Different Temperatures for 
The results for retention breaking strength and 
percentage links broken the different tempera- 
tures, all after heating for hrs., are shown 
Figure results for elongation break and elonga- 
tion Ibs. load are shown Figure 

Figure shows that generally the loss strength 
and the percentage links broken show close 
correlation. 

During this common interval, the dipped and 
treated cords underwent the most severe degradation 
the higher temperatures, while the calendered cord 
generally underwent the most severe degradation 
intermediate temperatures. All the samples 
embedded vulcanized rubber showed 
protection. 

Figure shows that cotton, during this period, 
the calendered cords underwent the greatest decrease 
elongation break, but moderately little change 
elongation load. The untreated and 
rubber-vulcanized cords showed the least change 
elongation break, while the dipped cords fell inter- 
mediate between these and the calendered cords. 
The elongation the rubber-vulcanized cords 
Ibs. scarcely changed with temperature. 
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The elongation the rayon cords showed greater 
change with temperature than the cotton cords. 
The elongation break the dipped rayon cord 
decreased greatly the two highest temperatures 
after appreciable increase 248°F. The elonga- 
tion break the untreated cord also increased 
somewhat 248°F before decreasing the higher 
temperatures about the same degree that the 
calendered cord. The elongation break the 
rubber-vulcanized cord showed only slight decrease 
with increase temperature. 

Relation Loss Strength Chain-Link Break- 
foregoing results indicate close relation 
between percentage strength lost and percentage 
links broken. was first ascertained that there 
was statistical stratification data that de- 
pended upon the particular processing product. The 
composited data appeared give straight lines when 
plotted double-logarithm paper, can seen 
Figure evident that the slope the curve 
different for rayon and cotton, being smaller for 
the former. The equations deduced from the data 
are: for cotton, 


logio TL = 2.682 + 1.30 logio Lp, 
and for rayon, 


logio + 0.82 logio Ls, (3) 


where designates percent tensile-strength loss and 
designates percentage linkages broken. 

will observed that the curves, extended, 
intersect the ordinate 100% loss-of-strength 
about 0.61% links broken for the rayon cords, and 
about 0.30% links broken for the cotton cords. 
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Fic. Logarithmic relation percent strength lost 
percent cellulose chain links broken thermally de- 
graded cotton and rayon tire cords. 
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This point will discussed further the Discus- 
sion section. 

might anticipated that the 
rupture some the chains cellulose thermal 
degradation would cause the load borne 
smaller number intact chains. The results are 
presented Figure 10, where the relationships pre- 
sented are entirely empirical, but represent consid- 
erable exploration with other types relationships. 
appears that both cotton and rayon cords the 
elongation Ibs. load increases with percentage 
links broken, and that, for the most part, the effect 
exponential. the rayon cords the relationship 
appears break down after about 0.25% the 
bonds are broken, but this may due faulty ex- 
tension those curves for rayon which the cord 
broke loads below Ibs. Also, the percentage 
links broken never reached the same stage mag- 
nitude cotton rayon, that comparisons 
can made comparable region link breakage. 
Within the region breakage which relationships 
are valid, the relation elongation, percent 
links broken, could represented for cotton 


and for rayon 
Exo = 173.2 Cig (5) 


These equations reflect the fact, which evident 


‘from Figure 10, that the rayon cord extensibility 


was more affected percent chain-links broken than 
was the cotton cord. 


ONGATION AT 1OL8S., PERCENT 
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Fic. 10. Logarithmic relation percent elonga- 
tion lbs. load percent cellulose chain links broken 
thermally degraded cotton and rayon tire cords. 
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Nature Thermal few experi- 
ments were undertaken throw light the nature 
known from the work number investigators, 
including Ridge and Bowden [16], that whereas 
hydrolytic degradation the loss strength, after the 
initial stages, practically linear with increase 
fluidity, oxidative degradation the loss strength 
much less than would expected from the in- 
crease fluidity. 

For strictly hydrolytic relationship, samples 
cotton and rayon cords (not the same rayon that was 
used the thermal-degradation studies, unfortu- 
nately, because the supply the latter was ex- 
hausted) were covered with hydrochloric acid 
and were allowed stand room temperature for 
various periods, from hrs. The samples 
were removed after the desired periods, washed free 
acid, and allowed dry room temperature. 
The strength and fluidity the samples were then 
determined. The results are plotted Figure 11. 
The “heat degradation” curves were computed from 
the mean relation shown Figure the points 
connected solid curve. The acid-hydrolysis 
results are represented broken lines fitted the 
points. 

will observed that the heat-degradation curve 
for cotton well above that for acid degradation, 
indicating that oxidation was probably involved. 
For the rayon cord, the curves are indecisive, though 
more indicative hydrolytic degradation. 

Apparent Energy Activation Chain Break- 
the rate chain breakage, influenced 
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11. Comparison strength-fluidity relationships 
heat- and cotton and rayon tire cords. 
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THERMAL CHAIN BREAKAGE 


Tire cord product Cotton Rayon 
Untreated cord 25.2 26.1 
Dipped cord 31.7 30.7 
Calendered cord 19.9 19.7 
Rubber-vulcanized cord 16.8 25.6 
Average 23.4 25.5 


temperature, the apparent energy activation 
chain breakage can computed. The data repre- 
senting percentage chain links broken were plotted 
against the time heating, and the slope the 
curve was read off, with the aid tangent meter, 
0.1% chain links broken. the case cotton 
vulcanized rubber, where the percent links broken 
did not reach 0.1% even the highest temperatures, 
the slope 0.05% chain links broken was used.) 
The apparent activation energies thus obtained are 
recorded Table 

will seen that the apparent energy acti- 
vation chain breakage was about kcal., the 
average, and was practically independent whether 


cellulose was native regenerated. The values 


were slightly and uniformly larger for the untreated 
and especially the dipped cords, and lower for the 
calendered and rubber-vulcanized cords. The mag- 
nitudes are typical numerous organic reactions 
Also, they are about the same order 
found Busse and others [2] and Waller and 
Roseveare [19] for the activation energy failure 
cotton and rayon celluloses during fatigue meas- 
urements. However, the present values are some- 
what lower than the kcal. which have been 
found for heterogeneous hydrolysis [6, 14]. The 
approximate agreement between the mean values for 
the native and regenerated cellulose suggests com- 
mon reaction mechanism for the thermal degradation 
both cotton and rayon cords. 


Discussion 


One the significant results the present study 
the evidence that during processing appreciable 
degradation occurs both cotton and rayon cords. 
For instance, the mean chain length both native 
and regenerated cellulose was reduced about 9%. 
Some this occurred during the calendering proc- 
ess, due, undoubtedly, the high temperatures 
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reached. These changes were not immediately evi- 
dent corresponding strength losses, but cannot 
said that potential damage may not have occurred. 
possible that some the newer techniques 
vulcanization, such heating with high-frequency 
currents, may value here. 

The amount degradation that occurred the 
wheel-tested tires confirmed the results the previ- 
ous study [3]. The chain shortening here amounted 
additional for cotton and 10% for rayon 
cords. the vicinity the cotton tire break the 
chain shortening amounted 27.5%. Since the 
highest temperature recorded the cotton tire dur- 
ing its short period wheel-testing before prema- 
ture failure was only 239°F, the question remains 
whether some the degradation may not have 
been due physical, rather than thermal, phenom- 
ena. The cotton tire cords did not appear lose 
strength. The rayon tire ran the wheel appar- 
ently normally, and eventually reached operating 
temperature 295°F before break. can there- 
fore probably associate the degradation this tire 
with the heat build-up. Furthermore, lost about 
35% its original strength, value that might 
expected about this time had operated con- 
tinually 266°F (see Figure 3D). 

Another rather striking result the present study 
the almost universal evidence thermal degrada- 
tion all the properties measured all the tem- 
peratures employed for both cotton and rayon. 
“is true that rubber vulcanization strongly protected 
the cords from chain breakage, except the lower 
temperatures, but spite this protection there 
were unmistakable changes all the properties, 
even the relatively low temperature 230°F. 
Throughout the range temperatures employed, the 
rate strength loss and the percentage links 
broken were somewhat more than doubled for each 
18°F increase 

Some exceptions were noted the general behav- 
ior the cords heating. For example, dipping 
resulted somewhat greater loss strength and 
greater percentage bonds broken 
than the untreated control cords. possible 
that the damaging action the dip may have been 
due the alkali added stabilize the casein, which 
may have accelerated oxidation. The fact that this 
effect did not show also the calendered and 
rubber-vulcanized cords may have been due neu- 
tralization the alkali some the oxides the 
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rubber stock; may that the latter reduced 
the effect the alkali limiting the amount oxy- 
gen that could get the cords. The lack protec- 
tion the rubber the low temperatures may have 
been due diffusion rates which, although suffi- 
ciently slow limit the amount oxygen getting 
the cords during the short periods the higher 
temperatures, were not limiting factor during the 
relatively long periods heating the lower tem- 
peratures. not clear why the calendered cords 
showed the greatest loss strength all the 
samples used. 

further interesting finding the study the 
close relation between percentage chain linkages 
broken and reduction strength. This was not the 
same for both cotton and rayon cords, the reduction 
strength being somewhat more than proportional 
the links broken cotton, and somewhat less 
rayon. The evidence that strength would com- 
pletely lost cotton cords when only 0.3% the 
links are broken is, first sight, somewhat surpris- 
ing. This corresponds mean D.P. slightly 
over 300. the case rayon, complete loss 
strength would occur D.P. about 125. These 
figures are within the general range 300 
D.P. which have been advanced frequently the 
lower limit sensible tenacity [9, 18]. 

From Table the degrees polymerization for 
undamaged cotton and rayon celluloses are 4420 and 
565, respectively. imagine the cellulose mole- 
cules linear chains glucose residues and 
assumed, first approximation, that only one 
linkage per molecule need ruptured order 
cause complete loss strength, would compute 
this accomplished when only 0.026% the 
cotton cellulose 0.18% the rayon cellulose link- 
ages were broken. Both these figures are consid- 
erably smaller than the percentage linkages com- 
puted for complete loss strength, that must 
assumed that approximately ruptures per mole- 
cule, the average, must occur the cotton cellu- 
lose, and about rayon cellulose 
assumed that each cellulose molecule 
cessively through number crystalline and amor- 
phous regions, can imagine the crystallites acting 
“crystal bridges,” proposed Sippel [17]. 
Then the breakage one link each all the cellulose 
molecules would not result complete loss 
strength the cellulose, providing the breaks were 
distributed more less random between the vari- 
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ous crystallites along the chains; the undamaged 
chains between the individual crystallites would serve 
support the structure. Only when the ruptures 
become sufficiently numerous average one per 
molecule between each the crystallites would com- 
plete loss strength expected. The fact that 
average breaks per molecule would required 
for complete loss strength cotton cellulose, 
whereas only about would required rayon 
cellulose, probably indicative the relative num- 
ber crystallites through which the molecules pass 
the two kinds cellulose. 

The relation fluidity strength for cotton 
ure 11) suggests certain amount oxidation 
the carbons the glucose residues, with result- 
ing alkali sensitivity. the rayon cords, the rela- 
tion fluidity strength did not appear deviate 
from hydrolytic process, but this comparison was 
especially complicated lack comparable starting 
values for the rayon samples. The approximate 
equality apparent energies activation chain 
breakage for both cotton and rayon celluloses sug- 
gests common mechanism for thermal degradation 
both. 

seems evident from the results the present 
study that some thermal degradation must regu- 
larly occurring phenomenon during the processing 
both cotton and rayon into tires. Whether not 
this represents potential subsequent damage the 
tire cannot established from the present study, 
but would suggest the desirability taking steps 
for holding this degradation minimum. Fur- 
thermore, appears that thermal degradation must 
ever-present and cumulative process tires 
operating even low moderate temperatures and 
must rapid and possibly major cause 
failure tires operating high 
seems evident that progress tire improvement can 
made means are found for reducing the operat- 
ing temperature both cotton and rayon tires. 


Summary 


study has been made thermal degradation 
cotton and rayon tire cords before processing and 
several stages processing into tires, including 
after dipping, after calendering, and tire slabs cut 
from finished 7.50 truck tires. Also, representative 
cotton and rayon tires were operated National 
Bureau Standards test wheel failure, and the 
cords were tested. 
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was observed that appreciable chain break- 
age both cotton and rayon celluloses occurred 
during processing, amounting, the average, 
about 16% shortening chain length for cotton and 
about for rayon. loss strength was ob- 
served this stage, nor more than minor changes 
elongation. 

The wheel-tested tires showed further reduc- 
tions mean cellulose chain lengths amounting 
12% for cotton and 19% for rayon. The cotton 
cords did not lose strength during their short pe- 
riod the wheel before premature failure, but the 
rayon cords lost 35% their original strength 
apparently normal operation. 

the temperature was raised from 230°F 
through 18° steps 302°F and the time heating 
was extended (from hrs. the highest 1024 
hrs. the lowest temperature), the following major 
changes occurred: the strength the elon- 
gation break increased slightly, then 
the elongation Ibs. load increased for the most 
part; and the percentage broken cellulose chain 
linkages increased. general, the changes were 
more pronounced for rayon than for cotton cords. 
The rubber-vulcanized cords showed considerable 
protection compared with the controls, but even 
these showed considerable deterioration, especially 
the lowest temperature (230°F). general, 
the dipped cords showed more pronounced deteriora- 
tion the higher temperatures compared the 
control, and the calendered cords more pronounced 
deterioration the low intermediate tempera- 
tures. 

The close relation between percentage 
strength lost, and percentage chain linkages 
broken, could formulated equations the 
type 


where and are constants. The values were 
1.30 and 0.82, respectively, for cotton and rayon 
cords. The corresponding values were 2.682 
and 2.175. 

The elongation load increased with 
chain-link breakage slightly for cotton and somewhat 
more for rayon cords. The relationship appears 
exponential, although the case the rayon 
cords suddenly breaks down when about 0.25% 
the chain links have broken. 

There was evidence, the case the cotton 


4 
| 


1951 


cords, the basis the fluidity-strength relation- 
ship, oxidation resulting from thermal degrada- 
tion. the rayon cords, definite conclusions 
could drawn from this relationship. However, 
the nearly equal apparent energy activation 
chain breakage about kcal. for cotton and rayon 
cords suggests common type reaction each. 
Also, the energies activation found are less than 
generally found for cellulose hydrolysis. 

Some implications the study the tire in- 
dustry are that high temperatures during vulcaniza- 
tion should that heating 230°F 
above causes permanent progressive degradation 
both cotton and rayon cellulose; that small amounts 
chain breakage may have effects physical prop- 
erties tire cords out proportion their relative 
magnitudes and some the components some 
the treating baths—e.g., probably the alkali the 
dip used herein—may detrimental the life 
the cords. 
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The Incorporation Acrylate Resins into 
Regenerated Cellulose 


Aleksander Nowakowski 
Organic Chemical Technology, Lodz, Poland 


DESIRED that the usefulness rayon 
and rayon staple increased aftertreatment 
the finished fiber—in contrast the process for 
improvement alkali cellulose viscose the 
addition various reagents before spinning—and 
this were done the incorporation 
synthetic resins, one could well imagine that the 
acrylate resins, such the polymers acrylic acid, 
methacrylic acid, their respectiye esters, would 
prove useful for this purpose. All the above 
resins have undergone great technical development 
during the last years due their useful optical, 
mechanical, and chemical properties. the 
use organic glasses, such Plexiglas, has become 
widespread. Since these resins are colorless, are 
stable towards light, have good elastic properties, 
and are very resistant chemical reagents, was 
apparent that their utility the aftertreatment 
regenerated cellulose fibers should investigated. 

order incorporate these resins into textiles, 
the following means were available: treatment with 
aqueous dispersions acrylate resins; introduction 
from aqueous solutions alkali- pyridine-soluble 
copolymers acrylic methacrylic aeid and esters 
methacrylic acid; incorporation from solutions 
polymethacrylates organic solvents; treatment 
with aqueous emulsions monomeric methacry- 
lates and polymerizing the fiber itself the 
presence catalyst; treatment with dioxane 
solution monomeric methacrylates 
merizing the fiber itself the presence 
catalyst. 


Treatment with Aqueous Dispersions 
Acrylate Resins 


Preparation the Aqueous Dispersions 


was necessary obtain aqueous dispersions 
acrylate resins, such polymethylmethacrylate 
Translated from the original manuscript Edmund 


Immergut, Institute Polymer Research, Polytechnic Insti- 
tute Brooklyn, Brooklyn, 


(PMM) and polyethylmethacrylate (PEM), with 
the finest possible particle size. The problem 
whether use acrylates methacrylates was 
decided favor the latter compounds because 
they are almost inert towards alkalies and are not 
hydrolyzed during the washing process. This sup- 
ports the theory that esters carboxylic acid 
containing tertiary hydrogen atom are not hydro- 
lyzed, only with the greatest difficulty [6]. 
Monomeric and ethyl esters, which are com- 
mercially available products, were used 
present experiments. Their polymerization prod- 
ucts differ physical properties the following 
respect: the greater the number carbon atoms 
the ester radical, the softer the polymer; thus 
PEM softer than PMM. 

The polymerization the monomers was carried 
out aqueous medium, with intensive stirring, 
partly the presence emulsifying agents and 
partly without them. Depending upon the amount 
and type the catalyst used, the polymerization 
was completed after hrs. temperatures 
While peroxide gave polymer 
consisting coarse pearls several millimeters 
diameter, ammonium and 
resulted very finely divided product. This 
contrasting behavior may explained the in- 
solubility the organic peroxide the aqueous 
medium, which prevents homogeneous dispersion 
the catalyst. interest the fact that the 
presence mixture soap and emulsifier Du- 
ponol CA, potassium persulfate did not cause poly- 
merization even heating 80°C for 
hrs. the presence the emulsifying agent 
Tylose 4S, the above effect was not noticeable. 
explanation this phenomenon may found 
paper Schulz [8], which observes that 
the polymerization without the use dis- 
persing agents can carried out reproducible 
manner only the monomer has been chemically 
purified first. Purification the monomeric 
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three successive vacuum distillations the 
presence nitrogen did not lead reproducible 
results; such results were obtained only after three 
extractions with solution caustic soda and two 
successive vacuum distillations, which explains the 
inhibitory effect the mixture soap and Duponol 

general, the emulsion polymerizations were 
carried out the following manner: 
were introduced, with intensive stirring, into solu- 
tion 0.8 potassium persulfate 100 cc. 
water. The mixture was then heated 70°C 
water bath. The stirrers used (KPG-Stirrers, 
Schott Co., Jena) were adapted prevent 
possible losses the reaction mixture spattering 
through evaporation. After hrs. the dispersion 
had milky-white appearance and polymerization 
was complete. Steam distillation the product 
yielded only minute amounts unreacted MM. 

With the monomer, similar aqueous dis- 
persions were obtained. 


Microscopical Determination Particle Size the 
Aqueous Dispersions 


Since introduction the acrylate resins into the 
submicroscopic channels and pores the rayon, 
either diffusion adsorption, possible 
only the particle size the resins the same 
size smaller than these channels, was first 
necessary determine the particle size. 

particle size was obtained, use 
microscope, for aqueous dispersions polymeric 
and EM. For comparison, commercial dis- 
persions acrylate resins—namely, four Acronal* 
and five Plextolf types—were measured; these also 
had particle size except for No. D189, 
which had particle size from at- 
tempts incorporate metals into cellulose fibers 
[3], may assumed that besides the intermicellar 
spaces (10-15 A.) there are also larger capillaries 
(100 A.), then obvious that dispersions 
particle size 10,000 found the present 
dispersions, cannot penetrate the fiber itself since 
they are too coarse two orders magnitude. 
Therefore, they form only surface layer the 
fiber. 

Solutions dyes, however, behave differently. 
assume that the dye bath substantive 

are series polymers the methyl, ethyl, 


and butyl acrylates. 
Plextols are the resins methyl and ethyl methacrylates. 
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dyes, such Chicago Blue, associate micelles 
the presence reagents, such Peregal OK, which 
have great affinity for these dyes, and further 
assume that the degree association the micelles 
very high [1] (about 1000), then arrive 
value 108 for the diameter these 
micelle bundles. This was calculated the basis 
the following molecular dimensions Chicago 
Blue [11]: length, width, thickness, 3A. 
easily seen that even these molecules are 
highly associated, they can still penetrate the capil- 
laries and pores the cellulose fiber. 


Treatment Viscose Rayon with Aqueous Suspen- 
stons Acrylate Resins 


Strands rayon were treated for hr. 
about 20°C with 10% aqueous dispersions four 
Acronal and six Plextol varieties, and with some 
the polymethacrylate dispersions described above, 
and was found that the amount acrylates 
taken the fiber was 1.2%-3.6%. With re- 
gard moisture-resistance, resistance drying, 
resistance knotting, elongation the dry and 
moist state, and swelling, improvement was 
noticed with the treated fiber; such improvement 
was not expected, since the particles the acrylate 
suspensions were too coarse two orders mag- 
nitude and were therefore unable penetrate the 
fiber. 


Treatment with Aqueous Solutions 
Alkali-Soluble Copolymers 


Preparation the Alkali-Soluble Copolymers 


seemed reasonable introduce free carboxyl 
groups into the polymeric and EM—for in- 
stance, the use monomeric acrylic acid 
methacrylic acid and respectively)—in order 
obtain the following copolymer, where 


The above polyvalent macromolecular acid would 
soluble alkali, and its sodium salt could 
transformed treatment with acid into the water- 
insoluble form. polymerizing acrylic acid and 
methyl methacrylate the ratio 1:2, using water 
dispersing agent, copolymer was obtained 
which was almost completely soluble sodium 
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hydroxide (dilute solution) and which could 
reprecipitated with acid. completely 
soluble copolymer could only obtained when the 
above ratio A:MM was reduced 
not always possible obtain reproducible alkali- 
soluble copolymers, although attempts have been 
made determine optimum conditions for repro- 
ducibility varying the amount well the 
type catalyst (ammonium persulfate, potassium 
persulfate, benzoyl peroxide) and varying the 
temperatures which the reactions were carried 
out from Sometimes, but not always, 
was possible obtain completely alkali- 
soluble product varying the time addition 
the two the acrylic acid the 
was polymerized itself for short time and then 
the the acrylic acid, respectively, was added. 

interest that when the two organic mono- 
meric reactants were polymerized the presence 
benzoyl peroxide catalyst but the absence 
water dispersing agent, alkali-soluble co- 
polymer was obtained. Thus, monomeric and 
methacrylic acid polymerized the absence 
water with benzoyl peroxide catalyst resulted 
alkali-soluble copolymer. Under analogous re- 
action conditions, but the presence water, 
product was obtained which was less soluble 
almost insoluble alkali. 

This difference behavior the copolymer with 
regard its solubility alkali depending upon 
whether not water present during the reaction 
may explained the basis the chemical com- 
position the copolymer and the way which 
the chain the polymer built up. Thus, when 
two monomeric reactants and Y—for example, 
and methacrylic acid—are copolymerized, 
there are three possible reaction products: (1) 
mixture polymers the type (2) for- 
mation regular copolymer the type 
where and alternate the chain; and (3) 
formation random copolymer, with chains 
which the reactants and are distributed 
statistical manner. 

There have been attempts investigate the 
actual nature the molecular structure these 
copolymers since impregnation experiments with 
them had favorable effect the fiber. 


Solubility Behavior the Copolymers 


the preceding section, the solubility behavior 
alkali the polyvalent macromolecular acids 
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tively, has already been mentioned. Due the 
intended use these copolymers for impregnation 
rayon, was also necessary determine their 
solubility organic solvents. Alkali-soluble co- 
polymers are insoluble the usual organic solvents 
(sixteen solvents were tried) but are completely 
soluble 85% aqueous acetone, dioxane, and 
pyridine, while 95% aqueous solution these 
three solvents only limited amount swelling 
their behavior towards mixed solvents, 
these polyvalent macromolecular acids resemble 
other high-molecular organic compounds, such 
secondary cellulose acetate (diacetate), which give 
clear solutions only mixture solvents. 

Alkali-insoluble polyvalent macromolecular acids, 
however, are only soluble dioxane and pyridine. 
This solubility 100% dioxane holds for air-dried 
material well for products which are dried 
80°C for the material dried 80°C 
for hrs., however, its solubility dioxane dis- 
appears. 

theoretical interest are the copolymers 
and methacrylic acid which are soluble both 
alkali and 100% dioxane and which are obtained 
only when the methacrylic acid subjected 
initial prepolymerization before copolymerization 
with the EM. This copolymer very suitable 
for the investigation the colloidal-chemical prop- 
erties polybasic acids whose ionizable groups 
the macromolecule not lead the formation 
ion aggregates the presence dioxane, con- 
trast their behavior aqueous solutions. 


Impregnation Viscose Rayon with Alkali- 
Pyridine-Soluble Copolymers 


Rayon strands were impregnated hrs. 
9-10 with aqueous solutions alkali-soluble co- 
they were then centrifuged, the free polyvalent 
macromolecular was precipitated with dilute 
sulfuric acid, and finally they were rinsed and 
dried. The fiber took only traces copolymer 
during this treatment. preswelling the 
fibrous material dilute alkali (sodium hydroxide) 
does not have any effect the amount co- 
polymer taken up. The incorporation into the 
fiber copolymers way their sodium salts 
meets with the difficulty that even relatively dilute 
solutions the sodium salt) have very 
high viscosity, which reduces their diffusion power 
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the reaction bath. Even the addition 
electrolyte, such NaCl, which reduces the forma- 
tion aggregates and therefore also reduces the 
viscosity the heteropolar colloidal molecule, does 
not increase the amount copolymer taken 
the fiber. Perhaps this may explained 
assuming that small amounts the sodium salt 
are taken the fiber, but rinsing they are 
peptized and are thus removed again from the 
fiber. This assumption corroborated experi- 
ments which were carried out with the sodium salts 
the copolymers test tubes the absence 
fibrous material. experiments have shown 
that the copolymers remain gel form and are 
water-insoluble only smaller than 5-6, 
but are peptized and become sols soon the 
the bath increases. 

These experiments were further checked treat- 
ing strand rayon with alkali-insoluble but 
pyridine-soluble copolymer methacrylic acid and 
EM. The fibrous material was impregnated for 
min. with solution this copolymer 
43.3% aqueous pyridine, then centrifuged, treated 
for min. with dilute sulfuric acid, washed, and 
dried. this case also, there was noticeable 
uptake copolymer the fiber. 

The treated rayon showed improvement 
mechanical properties over the untreated fibers. 
Thus, impregnation with the copolymers did not 
affect tensile strength, elongation the dry and 
wet state, amount swelling the rayon. 


Incorporation from Solutions Polymeric 
Methacrylates Organic Solvents 


Treatment Rayon with Dioxane Solutions Poly- 
methylmethacrylate and Polyethylmethacrylate 


the basis experience gained with dialysis 
experiments [7], was found necessary observe 
the following conditions order incorporate the 
greatest possible amount polymethacrylates into 
the fiber: (1) The D.P. the acrylate resin 
incorporated should not exceed 1600; (2) The rayon 
should highly swelled state; therefore, the 
rayon (still moist from spinning) was transformed 
its organogel soaking dioxane; (3) The 
fibers should exposed the impregnation bath 
for least hrs., and, possible, for twice long. 

For the impregnation the rayon, 10% solu- 
tions polymeric (D.P. 1650 and D.P. 
800) and polymeric (D.P. 1500) 
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dioxane were used. More concentrated solutions 
are too viscous prevent sticking together the 
fibers. This concentration was sufficient permit 
uptake 1-4.5 acrylate resin per 100 
rayon, considering that after impregnation the 
strands were centrifuged down 
their dry weight and assuming that the diffusion 
the acrylate resin into the fiber was about 25%. 
Attempted extraction with acetone and also with 
dioxane the impregnated rayon showed that 
larger amount resin had been taken than 
that calculated assuming 25% diffusion. 
can seen from Table more than 50% the 
polymethacrylates dioxane solution were able 
penetrate the pore system the rayon. These 
results lead the conclusion that the pore size 
the viscose rayon 300/50 used the same 
that the Cellamembrane, which has pores 
1000 diameter actual impregnation 
experiments permit direct comparison with the 
model experiments membrane dialysis because 
the rayon used had diameter 0.024 mm. 
the dry state and the Cuprophane membrane [7] 
had thickness 0.018 mm. the dry state. 

Another explanation for the great ability rayon 
take high-polymeric compounds may ad- 
vanced the basis binding the acrylate resins 
according the laws adsorption. Whether 
there actual dissolution the acrylate resins 
whether they are adsorptively bound the rayon 
will the subject further investigation. 
was still necessary determine whether the incor- 
poration polyacrylates dioxane solution oc- 
curred throughout the entire cross section the 
fiber whether the molecules the acrylate 
resins deposited along the fiber surface. For this 
purpose, the first two (in Table treated strands 
were dyed with Cellitone Fast dyes, the most intense 
coloration being obtained with Cellitone Fast Red; 
the untreated strands subjected the same dyeing 
conditions did not show any coloration. Slices 
prepared with microtome showed plainly that 
the case the treated fibers coloration occurred 
throughout the whole cross section, which permits 
the conclusion that the acrylate resin also spread 
throughout the whole cross section diffusion, 
and eliminates the possibility surface film forma- 
tion. 

The physical properties, including swelling, 
the rayon treated with dioxane solutions poly- 
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Acrylate resin 


Viscose rayon used (10% solution) D.P. 
Moist organogel 1650 
Moist organogel 1650 
Moist organogel 800 
Moist organogel Ethylmethacrylate 1500 
Dry organogel Ethylmethacrylate 1500 


Uptake acrylate resin 


(g. resin/100 rayon) 


nation gation Calculated, assuming: 
time value 25% 50% 
(hrs.) (%) Found diffusion diffusion 
158 5.8 1.45 2.9 
280 7.7 4.5 9.0 
140 4.6 1.0 2.0 
162 3.5 1.55 3.1 
139 2.7 1.0 2.0 


meric and polymeric showed differ- 
ences from those the untreated blank samples. 
For comparison, strand viscose rayon (moist 
from spinning) was used which had been left 
dioxane long the treated strands had been 
exposed the dioxane solutions the poly- 
acrylates. 

important result these treatments with 
polyacrylates, should mentioned that the 
physical properties the fiber cannot changed 
this way, although was expected that incor- 
poration these resins would lower the elongation 
the treated rayon because polymethylmetha- 
crylate and polyethylmethacrylate show elonga- 
tion the breaking point only and 7%, 
respectively [10]. 


Treatment with Aqueous Emulsions Monomeric 
Methacrylates and Subsequent Polymerization 
the Fiber Itself the Presence 
Catalyst 


Since the incorporation 
amounts (maximum, 7.7%) polymeric methac- 
rylates, described the preceding section (see 
Table this paper, did not result any changes 
the physical properties the treated rayon, 
other methods were investigated which promised 
the uptake greater amounts acrylate resins 
the fiber. Thus, emulsions were prepared 
emulsifying agent and the presence 
catalyst (persulfates), and rayon (moist from 
spinning) was impregnated with this emulsion for 
half hour. was then centrifuged and sub- 
sequently polymerized pressure bottle room 
temperature 50°C for hrs. Emulsions 
were used which contained 30% monomeric 


methacrylate. Increasing the rate polymeriza- 
tion the monomers was attempted the intro- 
duction acetylene into the emulsion [2]. How- 
ever, increase the amount polymer taken 
the fiber through the use acetylene was 
not noticed. 

merized the fiber itself was 2.4%, shown 
exhaustive extraction the fiber with acetone. 
The physical properties the treated materials 
remained unchanged. 


Treatment with Dioxane Solution Monomeric 
Methacrylates and Subsequent Polymerization 
the Fiber Itself the Presence 
Catalyst 


order incorporate larger amounts acry- 
late resins into the fibers, introducing solutions 
monomeric organic solvents into 
the fiber, with subsequent polymerization the 
fiber itself, was attempted. 


Swelling Properties Cellulose Hydrate Gels 


prerequisite for the success the above method 
was that using organic solvent favorable 
degree swelling the rayon could achieved. 
Therefore, experiments have been made with cellu- 
lose hydrate gels [7] from which the water was 
displaced use the following organic solvents: 
dioxane, pyridine, tetrahydrofuran, acetone, form- 
amide, 95% formic acid, and methylglycol acetate. 

The choice the proper solvent was not difficult, 
since swelling experiments with isotropic cellulose 
hydrate gels showed that dioxane forms cellulose 
hydrate organogel with only slight volume con- 
traction. This solvent also shows very high 
resistance chemical attack. 
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Treatment with Monomeric Methacrylates Dioxane 


Solution and Subsequent the 
Fiber Itself 


Prerequisites for the success incorporation 
the monomer into the fiber were that the reaction 
temperature should low and that the reaction 
time should short [1] order avoid any 
destruction the fiber. Also, was necessary 
carry out the polymerization pressure flask, 
mentioned the preceding section. 
initial experiment, polymerization the monomer 
was carried out 30% dioxane solu- 
tion the presence 1.6% benzoyl peroxide for 
hrs. 70°C; the polymerization was found 
complete. The above conditions should not have 
any damaging effect the fiber. further 
check, the fibers were treated the absence 
monomer with 1.6% solution benzoyl peroxide 
dioxane, and was found that viscose rayon 
300/50 (spindles) did not suffer any weakening 
the fibers, whereas viscose rayon obtained 
centrifugation suffered considerable degradation 
under the same conditions. The incorporated 
amounts acrylate resins, found five sub- 
sequent extractions with acetone, were 
and one case the uptake was considerably greater, 
shown the following example: The titer 
the untreated viscose rayon rose from 312 395 
after treatment. This leads the conclusion that 
25% polymeric was taken up. Five 
exhaustive extractions with acetone removed only 
10.5% the acrylate resin (the extracted amounts 
acrylate resin were obtained the following 
order: 6.01% 1.0% 1.72% 0.45% 1.31% 
10.49%). Since possible contraction the 
fiber during the treatment could the cause 
these contradictory results, the impregnation ex- 
periment was repeated and the length the thread 
was measured before and after the treatment. 
Thus, was found that before treatment the length 
the thread moist viscose rayon was 300 mm. 
and after impregnation and drying was only 
283 mm., whereas the thread used for comparison 
was 303 mm. after drying. contraction 
6.6% occurred. From this calculation may 
concluded that even after extraction for 703 hrs., 
about acrylate resin remained the fiber. 
This was corroborated dyeing experiment the 
exhaustively extracted strand with Cellitone Fast 
Blue, which was positive. Microtome showed 
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uniform coloration throughout the entire cross 
section, although was expected that due extrac- 
tion with acetone and with acetate the outer layers 
the fiber would show less coloration. The D.P. 
the extraction product was within the region 
300-960. The physical properties the strands 
rayon treated this manner were the same 
those the comparison untreated strand. 

Therefore, the acrylate resins are not different 
from the other numerous low- and high-molecular 
compounds which have been incorporated into 
rayon, since they not result any considerable 
improvement the properties the treated ma- 
terial. are those compounds which cause 
chemical cross-linking the hydrophilic hydroxyl 
groups cellulose, such formaldehyde, methylol 
groups, bifunctional cross-linking agents, etc. 
interesting note that relatively small amounts 
these reagents cause considerable amount 
cross-linking—for example, formylation treat- 
ment rayon with trimethylol melamine, where 
0.5% linked formaldehyde incor- 
porated melamine-formaldehyde resin can reduce 
the swelling the treated fibrous material consider- 
ably. Another example the molecular cross- 
linking divinyl benzene [4, 9], where 0.0025% 
divinyl benzene sufficient make the ordinarily 
benzene-soluble polystyrene re- 
strict its swelling—in that solvent. 

Attempted also, physical aftertreatment 
the resin which had been incorporated into the 
fiber, was the improvement the properties the 
impregnated thread, similar the improvement 
the mechanical properties many polymers 
subsequent heat treatment after polymerization 
was hoped that heat treatment the poly- 
meric (the softening point which (50°C) 
considerably lower than that polymeric 
(100°C)), would possible cause more 
intensive attachment the acrylate resin the 
fringe micelles the cellulose. However, the 
properties the treated fibers remained unchanged 
after subsequent heat treatment 150°C for 
min. possible, however, that subsequent 
mechanical transformation structural change 
the polymer may prove successful, such the 
stretching higher temperature and subsequent 
cooling under stress, whereby the tear strength and 
breaking point polystyrene films are greatly 
increased. 
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Summary 


With regard the attempts incorporate 
acrylic resins into rayon fibers, dialysis experiments 
were carried out homologous series poly- 
methylmethacrylates using cellulose hydrate 
membranes different origin. 

The essential result attempts incorporate 
acrylate resins, such polymethylmethacrylate, 
into rayon fibers seems that the physical 
properties the treated fibers (up 10.5% resin 
uptake) are unchanged, although the acrylate resin 
distributed homogeneously throughout the fiber 
cross section. This does not eliminate the possi- 
bility that physical aftertreatment, such cold- 
drawing stretching the fibers treated with 
acrylate resins, may cause improvement the 
properties. Otherwise, only chemical blocking 
the hydroxyl groups (e.g., formaldehyde, methylol 
groups, bifunctional cross-linking) shows promise 
leading improvement the properties re- 
generated cellulose hydrate fibers. 
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Letters the Editor 


Short communications the form Letters the Editor are intended provide prompt 
publication significant new research results and permit exchange views papers, 
previously published the These communications are not submitted formal re- 
view are research papers, and the editors not assume any share the responsi- 
bility for the information given the opinions expressed. When work previously published 
the the subject critical comment, the authors the original paper are given 
opportunity submit reply, which will published concurrently when possible. 


Abrasion-Resistance Resin-Treated Fabrics 


Roum Haas 
TEXTILE APPLICATIONS LABORATORY 
Philadelphia, Pa. 

June 25, 1951 


the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


self-evident that the number cycles re- 
quired abrade textile fabric will increase the 
pressure the abrading surface decreases. But 
has only recently been established that the rate 
increase, with decreased load, much greater the 
case resin-treated fabric than the case 
untreated fabric, that the curves cross each other. 
will shown here that the change rate 
function the resin concentration—a logical as- 
sumption, but one which has not previously been 
demonstrated. Some other considerations will also 
introduced. 

the reference cited (*) the data shown Table 
were given. graph was also shown wherein log 
abrasion was plotted against log load, yielding what 
appears approximately straight line for each 
concentration resin. Such graph shown 
Figure 

Because the scatter points, might in- 
ferred, quick inspection the graph, that the 
curves for the three resin treatments (which cross 
that for the untreated fabric) are parallel each 
other. 


Reptr. 40, 409 (1951). 


TABLE 


Resin* Abrasion cycles (Schiefer Abrader) loads of: 
940 5500 21,000 36,000 
840 7200 37,000 72,000 
770 5900 36,000 63,000 
360 3000 24,000 46,000 


modified urea-formaldehyde. 


LOG 


00 Ol a3 os 07 


LOG LOAD® 


function load. 


747 
4 
6% 
5.00 
3 
8% 


748 
TABLE 
Resin Log log of: 
1.00 0.70 0.48 0.34 
2.97 3.74 4.32 4.56 
2.92 3.86 4.57 4.86 
2.89 3.77 4.56 4.80 
2.56 3.48 4.38 4.66 
TABLE 
Resin 
(%) 
5.45 —2.46 
3 5.95 —3.01 
5.94 —3.07 
Resin 
280,000 
890,000 
870,000 
830,000 
TABLE 
TABLE 
Resin Abrasion cycles original) loads of: 
100 100 100 100 
131 176 200 
107 171 175 
TABLE VII 
Untreated 100 100 100 100 
Hydrocellulose 5.3 7.2 5.0 


the purpose the present analysis examine 
this possibility, since does not seem likely that the 
slope the curve should independent concen- 
tration 
when the concentration resin changes from 
3%, and then remain fixed despite further in- 
creases 

assume that the curves are straight lines 
(this warrants further study, but will accepted 
approximately true the present discussion), then 
each curve should satisfy the equation 


where and are constants for the given curve. 
reducing the values given Table loga- 
rithms, the data Table are obtained. 
Substituting the values for the first fabric (0% 
resin) into the above equation, have: 
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that the slope should change sharply 


log (log L), 


2.97 (1.00) 
(0.70) 
(0.48) 
4.56 (0.34) 


Solving routine manner (by subtracting the 
sum the first pair equations from the sum 
the last pair), obtain the average values 5.45 

Repeating for the other fabrics, the values 
and shown Table III are obtained. 

readily apparent that the slope the curve, 
does change with increased resin concentration, 
and almost linear rate. This what set 
out determine. 

further interest the parameter which rep- 
resents the intercept the Y-axis when log 


From this may inferred that 


load (below the limit the Schiefer ma- 
chine), the fabrics would withstand the number 
abrasion cycles (approximately) indicated Table 


IV. 


This agreement with the generalization (first 
propounded Gagliardi) that very low load, 
resin-treated fabric, having higher elastic recovery 
than the untreated fabric, will better withstand abra- 


sive action. 


But there also tendency for the 


three resin-treated fabrics approach closely the 
same point the Y-axis, which new phenome- 
non which not yet understood and which 
rather difficult further data would re- 
quired before could certain that this was not 
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2.50 


4 

< 

2.00 

o% 

° 

LOG 
Fic. Percent original abrasion-resistance 
function load. 
G 


Fic. abrasion-resistance degraded cellu- 
lose function load. 


fortuitous. The original data are not precise enough 
warrant more rigorous analysis. 

the other hand, let consider the intercept 
the X-axis. Here, log cycle, and log 
has the value a/b, from which may computed 
(very roughly) the load necessary destroy each 
fabric single cycle (Table V). 
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This further substantiates the 
established fact that higher resin concentrations 
the fabric has less resistance severe stresses, pre- 
sumably because the reduction elongation 
the fibers cannot yield relieve the strain, and there- 
fore rupture). 

more graphic way demonstrating that the 
slopes the curves vary with resin concentration 
plot the logarithm the abrasion cycles (as 
original) against the logarithm the load. 
ble lists the values change abrasion, 
calculated from Table 

When the logarithms these values are plotted 
(see Figure 2), obtain family curves which 
have obviously different slopes, which approach 
but which have decidedly different X-intercepts 
(where cycle). These are the same conclu- 
sions reached the earlier analysis. 

The curves have the equation 


log Arvesin log =ct+ (b, by) log 


that the slope for each curve equal the dif- 
ference between the slopes for the resin-treated and 
untreated fabrics, plotted Figure While the 
differences slope are thus more apparent Figure 
the curves are actually more precise than those 
Figure 

Using this more visual method presentation, let 
now contrast resin-treated fabric with chemically 
degraded from the same source will 
used, but converted into the original value, 
Table 

These data have been plotted Figure 
cause the scatter points, only rough indication 
can but would appear that there 
slight departure the opposite direction from that 
the curves Figure any event, appar- 
ent that resin treatment completely unlike chemical 
degradation its effect abrasion properties 
measured over range applied stress. 

pioneer the field low-level abrasion, who ob- 
tained the data which this brief analysis based. 
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INDUSTRIAL SECTION 


Effects Cotton Fiber Fineness the Physical 


Louis Fiori and John Brown 

Southern Regional Research Laboratory,+ New Orleans, Louisiana 

Abstract 
The effects the single fiber property fiber fineness the physical properties single yarns, 
both coarse and fine and varying twist, were investigated. permit the study fiber fine- 
ness while maintaining other important properties approximately constant, special technique 

was used which controlled the length factor reducing all the cottons common quartile and 

mean lengths. The cottons selected—Seaberry Sea Island, Mesa Acala, Tanguis, and Rowden 
41-B—represented extremes fineness, ranging from 2.9 5.6 yg. per in., and had other impor- 
tant fiber properties approximately equal. The study showed mainly that relationship exists 
between fiber fineness and the turns per inch required single yarn obtain optimum yarn- 
strength benefits. Low-twist yarns decreased less rapidly strength from maximum strength 
when made from fine than when made from coarse fibers. contrast, high-twist yarns de- 

creased more rapidly strength when made from fine rather than when made from coarse 

fibers. Yarns made from coarse fibers required more twist attain maximum yarn strength 

than those made from fine fibers. The study also revealed that fiber fineness does not materially 
affect yarn elongation. addition, was found that fiber fineness critical factor roving 

twist. 

HAT relationship exists between cotton fiber can predicted within practical limits. But even 

properties, both individually and collectively, and most successful these prediction formulas are 

yarn and fabric properties has been known from when desired determine the effect 
practical experience since the days when the spin- individual fiber properties spinning quality. 
ning wheel was the only yarn For example, length and fineness 

The relationship fiber properties the closely correlated that has not been 
property skein strength has been confirmed means evaluate statistically the distinct effect 
statistical methods many investigators. each yarn properties. Moreover, the statistical 
substituting the equations derived some approach attempts rank the fiber properties re- 
these investigators the values obtained yarn skein strength only, without attempt- 
ments certain fiber properties, yarn skein strength ing explain any effects single and plied yarns 
Presented meeting the Cotton Research Clinic varying twists, product uniformity, processing 
Pinehurst, C., February, 1951. behavior, fabric quality. Further, these formulas 
the laboratories the Bureau Agricultural hased data obtained subjecting all cottons, 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, Department Agriculture. regardless variety particular physical proper- 
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ties, standardized spinning tests. Thus, they 
have limited usefulness mill application, since they 
may inapplicable for use evaluating particu- 
lar type cotton. With the idea obtaining bet- 
ter understanding the effect fiber properties 
yarn and fabric properties, investigation the 
fiber-yarn-fabric relationships has been undertaken 
the Southern Regional Research Laboratory co- 
operation with the Bureau Plant Industry, Soils, 
and Agricultural Engineering. The present work, 
assessment the effect fiber fineness the 
important physical properties single yarns, the 
first series such studies. The study fiber 
fineness extended plied yarns and fabrics. 
The series will eventually include studies the ef- 
fects fiber length and fiber strength both yarn 
and fabric properties. hoped that the data ob- 
tained will indicate manufacturers the fiber prop- 
erties combinations fiber properties which will 
enable them -select cottons which more closely 
meet their own mill requirements. The findings 
should supplement those investigators who have 
used the statistical approach, contrast the 
physical approach used this study. 


Previous Work 


Although length has long been recognized the 
individual fiber property that most closely corre- 
lated with yarn strength, and is, combination with 
grade, the criterion which cotton purchased, 

two other important properties, fiber fineness and 
have been proposed successively criteria 
several researchers using the statistical method. 

Turner stated that fiber strength has little 
value predicting the skein strength single yarn 
because too little the fiber strength utilized 
the yarn. Webb and Richardson [12], the other 
hand, found that, terms skein strength 22s 
and 60s carded yarn, fiber strength the most im- 
portant six fiber studied. Kapadia [5] 
concluded that fiber strength important factor 
yarn strength, and that fiber fineness more im- 
portant than fiber length. Turner and Venkatara- 
man [10] found that fiber length first, and fineness 
next, contributed more than fiber strength yarn 
strength. Balls [1] postulated that the effect 
length largely exaggerated, and that long-fibered 
cotton can spun into fine yarn numbers not because 
its length but because its fineness. Still other 
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researchers [2, 11] have presented the 
significant fiber properties different order 
importance. This lack agreement not unex- 
pected since the cottons used for these investigations 
differed widely their characteristics, and the dif- 
ferent laboratories conducting the experiments used 
different processing techniques. 


Materials and Methods 
Samples 


The following cottons, varying fineness from 
2.9 5.6 per in., but having other important 
fiber properties, except length, approximately equal, 
were selected: Seaberry Sea Island, Mesa 
Tanguis, and Rowden 41-B. 


Special Processing Technique 


Since cotton fiber fineness and length are highly 
correlated properties, heretofore not measurable 
accurate degree distinct influences spinning 
performance, was necessary use special proc- 
essing technique that would eliminate fiber length 
variable. addition, the technique should result 
fiber population having approximately equal 
quartile and mean lengths, equal length variabilities, 
and equal fiber-distribution curves. 

Webb [13] had applied cutting technique that 
held all factors except length approximately constant 
study determine fiber-length effects yarn 
strength. For the present work, Webb’s technique 


Fic. Apparatus used for cutting the fibers 
specified lengths. 


€ 
' 
Fi 
= 


752 RESEARCH JOURNAL 
TABLE Comparative Data SUMMARY FOR Cut 
Fibrograph 
Suter-Webb Upper half 
Quartile Mean mean 
length length length length ratio 
Cotton varieties (in.) (in.) (%) (in.) (in.) 
Uncut 
Seaberry Sea Island 1.70 1.36 1.54 1.21 
Mesa Acala 1.47 1.15 1.30 1.02 
Tanguis 1.31 1.09 1.14 
Cut* 
Other Fiber Properties 
Finenesst Tensile X-ray 
(Ib./sq. in.) (degrees) 
Cut* 
Seaberry Sea Island 2.9 79,300 33.0 
Mesa Acala 3.3 78,900 33.4 
Tanguis 4.6 77,600 32.7 
Rowden 41-B 5.6 80,500 33.0 


All varieties were cut 1-in. lengths except the Rowden 41-B, which was cut length. 


Determined Suter-Webb weight-fineness method 
Determined Pressley method. 


Converted from Pressley Index according the following formula: tensile strength= Pressley Index—0.12) 


Determined sodium hydroxide method [14.] 


was modified. This was accomplished first proc- 
essing the selected cottons into drawing sliver, using 
conventional top-cutting machine the sort used 
the worsted industry (Figure cut the sliver 
different lengths, and then determining fiber- 
analysis techniques which these lengths met the 
three requirements. length cut for the Sea- 
berry Sea Island, Mesa Acala, and Tanguis, and 
length for the Rowden 41-B resulted fiber 
populations which met these requirements. 

The usual fiber analyses—by the two standard 
methods, Suter-Webb and Fibrograph—showed that 
all four cut cottons possessed approximately equal 
staple lengths. From the Suter-Webb fiber arrays, 
weight fineness and maturity were determined. Ten- 
sile strength was determined the Pressley method. 
Table that quartile and 
length variabilities, and other important physical 
properties all four cottons are approximately 
equal. Figure shows cumulative-weight-percentage 
for the uncut and the cut cottons. 
shown that after the cutting operation fiber-distri- 
bution populations the cottons are similar, since 
the curves practically superimpose one the other. 


Admittedly, the cutting technique increases the 
number short fibers, which, turn, increase the 
nonuniformity the fiber population. But since 
this variable present the same degree each 
the test cottons, can presumed that this in- 
creased length variability does not influence one 
cotton more than another. Nor does the presence 
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undue number short fibers introduce any 
serious processing difficulties. this connection, 
should mentioned that the cutting technique 
analytical tool for experimental use only, and 
processing. 


Processing and Testing 


The cut slivers the four cottons were processed 
standard procedures into several yarn numbers 
(16, 24, and 36), using twist multipliers ranging 
from 3.50 6.50, increments .5. 

The yarns obtained were measured for skein 
strength pendulum-type yarn tester 150 
300 Ibs. capacity. Single-strand strength and elonga- 
tion were measured with inclined-plane tester. 
All the tests were conducted A.S.T.M. standard 
atmospheric conditions (70°F and 65% R.H.). 

Roving twist was determined the Belger Roving 
Tester, manual evaluation, and visual examination 
the roving, terms hard and stretched roving, 
during the spinning operation. 


Results and Discussion 
Yarn Strength 


Physical measurements yarn strength, terms 
skein and single-strand strength values, are con- 
sidered the most reliable single index spinning 
quality. interpret skein and single-strand strength 
data over the range twist investigated, two sets 
curves (Figure 3-14) were plotted. the first set 
(Figures 3-8) the count-strength product for maxi- 
mum strength each the cottons was the basis for 
comparing changes yarn strength over the twist 
range for each cotton. the second set (Figures 
9-14) the count-strength product for maximum 
strength only the finest cotton, Seaberry Sea 
Island, was the basis for comparing the relative yarn 
strengths each cotton. 

The first set curves (Figures and for 
skein strength, and Figures and for single- 
strand strength) shows that coarse fibers, regardless 
the yarn number, reacted more sensitively low 
twist—that is, the yarns made from coarse fibers 
lost strength more rapidly the turns per inch de- 
creased from point maximum strength than did 
the yarns made from fine fibers. Conversely, after 
maximum strength was reached and with increases 
twist, the coarse fibers reacted less sensitively 
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twist. Fine fibers, the other hand, regardless 
the yarn number, reacted less sensitively low 
twists until maximum strength was reached, after 
which the strength the fine-fibered yarns decreased 
rapidly, indicating that the fine fibers broke more 
easily than the coarse fibers high twist. These 
curves also show that the percent decrease strength 
from maximum strength was much greater low 
twists for the coarse-fibered yarns than for the fine- 
fibered yarns. With medium-coarse yarn number 
(16), maximum yarn strength was reached with the 
same twist multiplier for each the cottons. With 
finer yarn numbers, however, the fine fibers required 
less twist than the coarse fibers attain maximum 
yarn strength. 

The second set curves (Figures 10, and 


.for skein strength, and Figures 12, 13, and for 


single-strand strength) shows that fine fibers, with 
the exception medium-coarse yarn number (16) 
high twist, spun into stronger yarns than did 
coarse fibers; this advantage 
greater with increases yarn number. Figures 
and show that with medium-coarse yarn number 
(16) and high turns per inch, the coarse and fine 
fibers spun into yarns approximately the same 
yarn strength (skein and single strand). This set 
curves also reveals that fiber fineness more 
critical contributing factor the strength low- 
twist yarns than high-twist yarns. 


Yarn Elongation 


Figure shows the effect fiber fineness 
yarn elongation. The fine- and coarse-fibered cut 
cottons produced yarns about the same elonga- 
tion, and elongation decreased yarn number in- 
creased. This result was contrast that for 
uncut cottons—when the length factor was not 
eliminated, coarse- and fine-fibered cottons showed 
differences elongation, the longer staple cotton 
having the greater elongation. Since the fine fibers 
are inherently long, appears that length, rather 
gation. 

Practical Mill Applications 


common mill practice select warp twist 
multipliers the basis staple length alone. The 
twist multipliers selected are usually slightly higher 
than would required for maximum yarn strength 
order allow for processing variables. Since 
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Fic. 15. Effect fiber fineness the yarn elongation 


single yarns. 


fiber fineness, along with length, important 
factor determining the twist multiplier needed 
obtain maximum yarn strength, follows that 
mills changing finer cottons will benefit using 
lower warp twist multipliers. lower twist 
plier would result higher single-yarn strength, 
with corresponding increase production. Since 
the present findings show that after maximum single- 
yarn strength has been reached, the addition fur- 
ther twist exerts less influence coarse than 
fine cottons, follows that small changes twist 
can made with coarse cottons without appreciably 
affecting yarn strength. 

The tendency the finer fibers break with high 
turns per inch might explain, part, the problem 
kinky unruly yarn. This study indicates that 
when relatively high twist multipliers are used, 
fine cotton will tend become overtwisted and will 
kink buckle, whereas coarse cotton equal 
staple length will have less tendency so. Pos- 
sibly the presence the raw-cotton mixture im- 
mature cotton, which would react essentially like 
fine fibers, might cause seemingly inexplainable 
periods kinky yarns, particularly high twist 
multipliers are being used. reduction twist 
might help solve such problem. Furthermore, 
mills change cotton which below average 
maturity, they will find advantageous use fewer 
turns per inch order obtain maximum yarn 
strength. 

These findings also demonstrate that 
bility and loftiness required knitting yarns can 
obtained using fine fibers combination with 
low twist without appreciable losses 
Filling yarns are usually low-twist yarns and are 
spun into finer counts than warp yarns, primarily 
because they not have withstand weaving 
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Fic. 16. Effect fiber fineness roving twist. 


stresses strains much warp yarns 
ing yarns, therefore, are that zone twist range 
where coarse fibers react very quickly changes 
twist, making them susceptible sizeable fluctua- 
tions yarn strength. Further, fluctuations the 
fineness the raw-cotton mixture cause greater 
changes yarn strength with low-twist than with 
high-twist yarns. This means that the use uni- 
form, fine, raw-cotton mixture, with respect fine- 
ness, would result filling yarns more uniform 
strength and fabric better quality. 

Figure shows the effect fiber fineness rov- 
ing twist. The coarse-fibered cotton required more 
roving twist than the fine-fibered cotton. ap- 
parent that determining roving twist, fineness, 
addition length, should considered. 
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Relationship Staple Length Grease Wool 
and Resultant 


Wool Standards Laboratory,+ Wool Division, Livestock Branch, Washington, 


Introduction 


There are, present, official length classes for 
domestic wools. The current commercial terms 
used describing length for the different grades 
are “good French combing,” “average 
French combing,” short French combing,” 
and “stubby.” Most these terms are some- 


This study part the research program the United 
States Department Agriculture dealing with the develop- 
ment and improvement grades and standards for wool and 
mohair. was carried under authority the Research 
and Marketing Act 1946. 

One the laboratories the Department Agri- 
culture, Production and Marketing Administration. 


what indefinite far actual length con- 
cerned, and they are not very meaningful those 
who are unfamiliar with wool marketing 

One the basic steps improved wool market- 
ing, far growers are concerned, the develop- 
ment quantitative definitions and measurements 
quality. this end the United States Depart- 
ment Agriculture currently developing quanti- 
tative criteria for commercial length classes do- 
mestic grease wools. 

addition the problem quantitative length 
classification, there the question the bases 
use for grease wool, staple length 
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can determined either the basis the stretched 
unstretched staple. other words, when setting 
the quantitative specifications for length classes, 
the question arose the basis measurement. 
Since wool top the final stage processing where 
individual fiber length commonly determined, and 
because most the fine and grades wool 
are used the worsted system manufacture, 
seems logical relate the top length the staple 
length the grease wool from which was combed 
consequently, the approach was study the relation- 
ship between these two. 

This report deals only with determination the 
basis for length classification grades grease 
wool. 

Length staple, perhaps, ranks next fineness 
grade evaluating the usefulness and dollar value 
clean wool. The Department developing length 
specifications aid the buying and selling 
grease wool the basis description, and also 
order have specific and objective standards the 
preparation and grading fleeces and clips for 
market. 

the finer wools there are more commercial 
length classes and narrower intervals than the 
coarser wools. One reason for this the impor- 
tance fiber length the quality worsted yarn, 
since the longer the wool fiber the stronger the yarn. 

Length also factor when delivering top fu- 
tures contracts, premium being paid for top that 
longer than the delivery base and discount for 
top that shorter. 

The quotations for “fine Territory wools” Feb- 
ruary, 1951, show fine staple bringing cents more 
per grease pound than fine French combing, and fine 
French combing bringing cents more than fine 
clothing, thus making spread cents per grease 
pound between fine staple and fine clothing.* 


Methods and Procedures 


Following outline the sampling and meas- 
urement procedures used determining the stretched 
and unstretched staple lengths grease wool and 
the length fiber finished top. Nineteen repre- 
sentative lots commercially graded and processed 
lines matchings and blends were included the 
analysis. These lots were divided into grade and 

Production and Marketing Administration, Dept. 


Agriculture, Review the Boston Wool Mar- 
ket for Feb. 16, 1951,” Vol. 
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length classes follows: fine, with French 
combing and staple; with staple 
staple. 

The staple lots were Noble-combed and the others 
were French-combed. 

Samples for the tests were drawn during process- 
ing, grease wool being selected from each 
lot, which were made more handfuls 
taken from the pile bin after the blend was made. 
Two representative samples top were taken dif- 
ferent intervals during processing. 

When the samples were received the laboratory, 
the grease wool was spread table. Twenty- 
five different pieces fleece were selected ran- 
dom and, from this. two subsamples were made. 
staple about the size lead pencil was drawn 
from each the pieces making the subsample. 
total staples were measured for unstretched 
and stretched length represent each lot, illus- 
trated for one subsample Figure 

For unstretched length, each staple was placed 
velvet-covered board and any unnatural folds 
bends straightened, without alteration disturb- 
ance the natural crimp formation. Each speci- 
men was then pressed down the board enable 
the pile the velvet hold the staple nearly 
possible its natural unstretched length. ruler 
was placed alongside the staple and the length read 
the nearest in. 

After the unstretched length the staple had 
been determined, the stretched length was measured. 
This was accomplished holding the base (flesh 
end) the staple the zero point the ruler and 
pulling the tip the staple point which ap- 
peared mark the limit the normal resistance 
the staple further tension and beyond which 
additional stretching would seem likely cause rup- 
ture breaking fibers. The stretched lergth 
also was measured the nearest in. 

Some staples had spear, pyramid-shaped, tip 
which seemed caused the varying fiber 
lengths. This tippiness necessitated the measuring 
the length from the base the staple point 
midway between the base the pyramid-tip forma- 
tion and the end the tip. 
termined visual judgment. 

Measurements were performed two operators, 
one measuring subsample and the other subsample 
The average length the two series samples 


The mid-point was de- 
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Fic. Equipment and tech- 
nique used measuring length 
the unstretched and stretched 
grease-wool staples and wool 
top. grease-wool 
staples. b—Unstretched staple 
pressed down velvet pile for 
measuring. c—Technique for 
measuring stretched length. 
Wool fiber stapling apparatus 
used measuring the top length. 


was used represent the average staple length 
lot. 

Two subsamples top, each least ft. length, 
were used measuring the mean fiber length the 
Suter stapling apparatus, illustrated Figure 
accordance with the procedure set forth the stand- 
ards manual the American Society for Testing 
Materials.* Two operators made the top-length 
analysis. 


Results and Discussion 


Results the length measurements the wool 
top and the unstretched and stretched grease- 
wool staples, grade and length, are shown 
Table 

Comparison the unstretched stretched 
staple lengths grease wool with the average fiber 
length top indicates that the length unstretched 
staples corresponds more closely average fiber 
length wool top than stretched staple 

The average fiber length for all the top samples 
measured was 3.02 in. The average unstretched 
grease-wool staple length measurement was 2.93 
compared 3.73 in. for the stretched. Average 
fiber length top was approximately longer 
than the unstretched staple length, and 


*American Society for Testing Materials, Standard 
Method Test for Fiber Length Wool (A.S.T.M. Desig- 
nation 519-49), “A.S.T.M. Part Phila- 
delphia, 1949, pp. 398-401. 


shorter than average stretched staple lengths. Since 
the unstretched length grease wool came within 
about 0.1 in. the top length, the following dis- 
cussion relates primarily comparisons between 
top length and unstretched staple length. 

Table shows that average fiber length wool 
top not consistently longer than the average un- 
stretched staple length, comparison these 
two lengths, sample sample and lot lot, reveals. 
However, comparison the average all lots 
within grade, and grade grade, reveals that 
average fiber length wool top approximately 
0.1 in. longer than average unstretched staple length 
grease wool, with the exception the }-blood lot. 

Table comparison made average fiber 
length wool top and average unstretched staple 
length the corresponding grease-wool lots, 
grade and length class. Differences between thy two 
averages are also shown. The average fiber length 
top was considered the base calculating the 
differences. 

Although sufficient tests have not been made 
which base definite conclusions, the comparisons 
Table show close agreement between average 
fiber length wool top and the corresponding un- 
stretched staple length grease wool for all grades 
except the French combing, where the study 
covered only one lot. 

The relationship between average unstretched 
staple length and average fiber length top for the 
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TABLE MEASUREMENTS ToP AND THE UNSTRETCHED AND STRETCHED 
Average fiber Average unstretched Average stretched 
Visual grade and Lot length top staple length staple length 
length class No. Sample (in.) (in.) (in.) 
Fine French combing Sub. 2.47 2.37 3.12 
Sub. 2.40 2.42 3.06 
Average 2.44 2.40 3.09 
Fine French combing Sub. 2.40 2.53 3.20 
Sub. 2.26 2.59 3.28 
Average 2.33 2.56 3.24 
Fine French combing Sub. 2.49 2.11 2.73 
Sub. 2.31 2.38 3.06 
Average 2.40 2.24 2.90 
Fine French combing Sub. 2.75 2.47 3.23 
Sub. 2.67 2.59 3.24 
Average 2.71 2.53 3.24 
Fine French combing Sub. 2.46 2.27 2.92 
Sub. 2.30 2.28 2.93 
Average 2.38 2.28 2.93 
Fine staple Sub. 3.05 2.77 3.52 
Sub. 2.84 2.65 3.36 
Average 2.95 2.71 3.44 
Fine staple Sub. 3.01 2.85 3.66 
Sub. 3.02 2.97 3.56 
Average 3.02 2.91 3.61 
Fine staple Sub. 2.77 3.36 
Sub. 3.00 2.69 3.46 
Average 2.89 2.73 3.41 
French combing Sub. 2.79 2.62 3.30 
Sub. 2.84 2.32 3.08 
Average 2.82 2.47 3.19 
}-blood staple Sub. 3.18 3.35 4.20 
Sub. 3.21 3.27 4.12 
Average 3.20 3.31 4.16 
staple Sub. 3.56 3.33 4.12 
Sub. 3.55 3.35 4.22 
Average 3.56 3.34 4.17 
staple Sub. 3.27 3.14 3.93 
Sub. 3.33 2.99 3.85 
Average 3.30 3.07 3.89 
staple Sub. 3.40 2.99 3.95 
Average 3.30 3.09 3.94 
Sub. 3.46 3.67 4.56 
Average 3.45 3.59 4.59 
staple Sub. 3.13 3.12 3.85 
Sub. 3.32 2.78 3.69 
Average 3.23 2.95 3.77 
staple Sub. 3.32 3.35 4.35 
Sub. 3.32 3.24 4.13 
Average 3.32 3.30 4.24 
staple Sub. 3.28 2.99 3.84 
Sub. 3.38 3.08 3.88 
Average 3.33 3.04 3.86 
staple Sub. 3.21 3.50 4.45 
Sub. 3.21 3.43 4.33 
Average 3.21 3.47 4.39 
staple Sub. 3.62 3.65 4.62 
Sub. 3.65 3.86 5.00 
Average 3.64 3.76 4.81 
Average length for lots 3.02 2.93 3.73 
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TABLE AVERAGE FIBER LENGTH AND AVERAGE UNSTRETCHED 


Grade and length 
class 


Fine French combing 
Fine staple 

French combing 
staple 

staple 

}-blood staple 


series samples listed Table expressed 
highly significant. 

The over-all relationship between average top 
length and unstretched and stretched staple length 
cumulative frequency curves for fiber length top 
and unstretched and stretched staple length grease 
wool, made lots fine French combing. The 
fiber-length curve for top was prepared pooling 
frequency measurements all samples within this 
grade and staple-length class into one composite fre- 
quency. The same procedure was followed for 
staple-length curves for grease wool. 


LENGTH 
6 iN INCHES 


° 10 20 30 «0 
PERCENTAGE 


LENGTH GRADE AND LENGTH 


fiber length 


50 


Difference between 
ave. fiber length 

unstretched and ave. unstretched 
top staple length staple length 

(in.) (in.) (in.) 

2.45 2.40 +.05* 

2.95 2.78 +.17 

2.82 2.47 +.35 

3.34 3.23 +.11 

3.29 3.27 +.02 

3.64 3.76 —.12 


Average Average 


The signifies that the top length longer than the staple length, and the signifies that the reverse true. 


Figure shows that the longest unstretched 
staples were 3.5 in., whereas the longest fibers the 
top were in.; also, that small percentage fibers 
the top measured 0.5 in. shorter, and grease- 
wool staples measured less than 1.0 in. analyzing 
the range between the longest unstretched staples 
and the longest fiber length the top, single staple 
64’s, measuring 3.5 in., unstretched, was tested 
the Suter stapling apparatus investigate the length 
individual fibers within the staple. This staple 
contained fibers measuring in. length, and 
the fibers were shorter than 1.0 in. 

Table III shows the sampling error the mean 
the 95% probability level for various numbers 
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Fic. Cumulative length-frequency curves for fine French combing top and unstretched 
and stretched grease-wool staples. 
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TABLE III. SAMPLING ERROR THE MEAN NUMBERS STAPLES, GRADE 
Fine French Fine French 
Number combing staple combing staple staple staple 
staples (in.) (in.) (in.) (in.) (in.) (in.) 
100 +0.07 +0.08 +0.06 +0.09 +0.13 +0.13 
0.09 0.09 0.07 0.11 0.15 0.15 
0.10 0.11 0.09 0.13 0.19 0.18 
0.12 0.13 0.10 0.15 0.21 0.20 
30 0.13 0.15 0.12 0.17 0.24 0.23 
25 0.15 0.16 0.13 0.19 0.27 0.26 
0.17 0.18 0.15 0.21 0.30 0.29 
15 0.19 0.21 0.17 0.24 0.34 0.33 
0.23 0.26 0.21 0.30 0.42 0.40 
staple measurements within the different grade and Conclusions 


length classes. Data this table were based 
the measurement unstretched staple lengths. 

These errors are the ones arising from the actual 
sampling the wool samples selected repre- 
sent the lots grease wool. should noted that 
there may minor contribution the error 
determination caused the variability among op- 
erators who make measurements. Table III that 
factor not taken into account. 
however, that the operator component error 
small. 

The information Table was prepared 
determine the number staples necessary meas- 
ure for given accuracy. was decided that 
probability level was adequate accuracy since falls 
within the measurement class interval, which in. 
Consequently, measurement staples per lot for 
the fine and length and grade classes seems 
sufficient because the sampling error ranges from 
0.09 0.13 in. 

The sampling error for the and staple 
classes 0.19 in. and 0.18 in., respectively, for 
the measurement staples. This error slightly 
larger than for fine and classes. However, 
does not appear necessary measure addi- 
tional staples per lot obtain sampling error 
+0.13 in. inasmuch general length-classing 
practices are not concerned with the narrow 
range between length classes the medium grades 
with the fine and grades. 


discussing this study with many those en- 
gaged wool marketing and processing, the au- 
thors asked the unstretched natural length 
staple the stretched length generally used for 
length classing grading and sorting and the 
preparation matchings. Different opinions were 
expressed, and there was universal agreement 
any one practice. 

Conclusions from the comparison between the 
length unstretched grease-wool 
staples and fiber length top representing lots 
commerically graded and processed lines match- 
ings and blends are follows: 


Measurements unstretched length grease- 
wool staples more nearly represent the average fiber 
length top than measurements stretched 
staple length. 

tween the average length unstretched grease- 
wool staples and average fiber length finished top 
when comparison made grade and length class. 

The measurement staples per lot seems 
adequate, since the errors that arise out the actual 
sampling the wool samples selected repre- 
sent the various lots grease wool fall within the 
measurement class interval in. for fine and 
blood wools and since the added accuracy gained 
measuring greater number staples and 
wools does not warrant the work involved. 


(Manuscript received July 9, 1951.) 
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Tue TWENTY-SECOND ANNUAL MEETING Textile Research Institute will 
held the Hotel Statler New York City, Thursday and Friday, November and 


1951. 
Saturday, November 10, 1951. 
The program for the meeting follows: 


Technical Session 
Thursday, November 1951 


Penntop Room, Hotel Statler, New York City 
Chairman the Day 


James Wakelin, Director Research 
Textile Research Institute 


Registration: 9:00 a.m. 
Morning Session: 10:00 a.m. 


Chairman, Milton Harris, President, Harris Research 
Laboratories 


“An Analysis the Consumer Quality Characteristics 
Cotton: Implications for Research,” George 
Buck, Jr., Technical Director, National Cotton 
Council America 


“The Properties Apparel Wools Affected the 
Processes Worsted Manufacture,” Werner 
von Bergen, Director Research, Forstmann 
Woolen Company, and James Wakelin, Director 
Research, Textile Research Institute 


Luncheon: 12:45 p.m. Skytop Room 


Afternoon Session: 2:00 


Chairman, Walter Hamburger, Director, Fabric Re- 
search Laboratories, Inc. 


“Properties Fabrics Made From Several Synthetic 
Fibers and Their Impact the Textile Industry,” 
Lake, Director Research, Pepperell 
Manufacturing Company 


“Role the Synthetic Fibers the Textile Industry 
the Future,” Linton Ray, Jr., Rayon De- 
Inc. 


Exhibits: 9:00 a.m. 6:00 


The laboratories the Institute Princeton, New Jersey, will open for inspection 


General Session 
Friday, November 1951 
Penntop Room, Hotel Statler, New York City 
the Day 


John Dillon, Director 
Textile Research Institute 


9:00 a.m. 


Morning Session: 10:00 


Symposium Impacts Research the 
Textile Industry 


“Position the Textile Industry Relation Re- 
search and Development,” Richard Wells, Di- 
rector Research, Bates Manufacturing Company 


‘ 


‘Blending Cotton Fineness Determination and 
Other Applications Research Mill Operation,” 
Walter Regnery, President, Joanna Cotton Mills 
Company 


“Technical Problems the Textile Industry,” 
Kenneth Fox, Vice-President and Technical Direc- 
tor, Burlington Mills Corporation 


“The Research Laboratory Pays Dividends,” Rus- 
sel Newton, President, Dan River Mills 


Luncheon: 1:00 p.m. Penntop Room 


Address 


“Building Our National Scientific Capital Yield 
Applied Research Interest for Industry the Fu- 
ture,” Alan Waterman, Director, National 
Science Foundation 
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Open House 


Saturday, November 10, 1951 


Textile Research Institute Laboratories 


Princeton, New Jersey 


The Laboratories Textile Research Institute 
Princeton, New Jersey, will open Saturday, No- 
vember 10, 1951, provide opportunity for those 
attending the Annual Meeting inspect the research 
facilities the Institute. 
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The Staff the Institute will present discuss 
techniques and equipment used connection with the 
Institute’s current research program. 

Bus transportation will provided between the Stat- 
ler Hotel and the Laboratories. Guests will leave New 
York 9:00 a.m. and return about 4:00 

addition the inspection the Laboratories, the 
program will include brief, guided tour the Prince- 
ton University campus and luncheon the Princeton 
Inn. 

Advanced reservations for the meetings may made 
through the Textile Research Institute, Princeton, New 
Jersey. 


Exhibits 


Thursday and Friday, November and 1951 


Penntop Room, Hotel Statler, New York City 


Shown for the first time will two outstanding new developments testing apparatus. These 
instruments, which will make their debut the T.R.I. meeting, are included among the exhibits 
laboratory, control, and mill equipment. addition, because the current widespread interest 
new fibers, this feature the meeting has been expanded include the textile products Carbide 
and Carbon Chemicals Co., Chemstrand Corp., and DuPont. technical representatives 
the manufacturers will hand demonstrate their equipment and products. 


Company 


Alexander Smith, Inc. 

Anderson Machine Shop, Inc. 

Brush Development Company 

Carbide and Carbon Chemicals Company 
Chemstrand Corporation 

Instron Engineering Corporation 
Manton Gaulin Manufacturing Company 
Osgood Engineering Company 

Scott Testers, Inc. 

Uster Corporation 


Equipment shown 


Textralizing unit and demonstration Harristrip process 
Pacific evenness tester 

Optical measuring equipment and laboratory apparatus 
Uniformity analyzer for yarn, roving, and sliver 
Fibers and fabrics 

Fibers and fabrics 

Fibers and fabrics 

Strain-gage testing equipment 

Homogenizers 

Moisture-measuring instruments 

New testing equipment 

New testing equipment 
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THE BIG 1951- 
CATALOG Reagents Fine Chemicals 


COMPLETE BUYERS’ GUIDE FOR 
USERS LABORATORY REAGENTS 
AND FINE CHEMICALS 


For Manufacturing Laboratories 
For Production Requiring Quality Chemicals 
For Process Planning and Development 
For Research Laboratories 


For Educational Laboratories 


Just off the press—Baker Adamson’s 
new 1951-52 Catalog profusely illus- 
trated packed with 264 pages 
important information. Gives clear, 
concise data over 1,000 B&A Laboratory Reagents and Fine 
Packed with helpful information Chemicals! Includes such pertinent facts grades, strengths, 
STORAGE AND HANDLING: Special section gives maximum limits impurities, etc. you buy specify labora- 
helpful “do’s and handling tory reagents, this new 1951-52 B&A Catalog belongs your 
chemicals that require extra precautions. desk. Send tod 
PACKAGING SECTION: Exclusive new feature— 
photographs and full details major B&A 
packaging, “PBL” Drum 
with polyethylene liner, the 9-bottle case 
for reagent acids, the gallon carboy, 


the “Saftepak” plastic dispenser for HF, 


BAKER ADAMSON PRODUCTS, General Chemical Division 


ALLIED CHEMICAL & DYE CORPORATION 
EXTENSIVE DATA: Over 230 pages specifications, Rector New York 
other pertinent data B&A Reagents, 


also many Fine Chemicals. Please send your new 264 page catalog Baker Adamson Reagents and 


Fine Chemicals for 1951-52. 


Name. 


Fill out coupon, attach your 
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